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(57) ABSTRACT

Provided are a method for coordinating inter-cell interference
in a heterogeneous network (HetNet) and the heterogeneous
network. The method includes: forming M normal base sta-
tions and low-power nodes within coverage of the respective
normal base stations in the heterogeneous network into a
coordinated group; combining mute/non-mute states of band-
widths of the M normal base stations to obtain a plurality of
states of the coordinated group; a user of each of the normal
base stations feeding at least one first CQI back to the normal
base station; a user of each of the low-power nodes feeding
one or more second CQIs back to the low-power node; using
the first CQI and the second CQIs as a basis to make capacity
estimation of the coordinated group; and setting the mute/
non-mute states of the bandwidths of the M normal base
stations in accordance with a state of the coordinated group
corresponding to an optimal system capacity so as to perform
data transmission. In the method for coordinating interfer-
ence provided by the present invention, M transmission
points each including one or more normal base stations and
low-power nodes covered by the respective normal base sta-
tions can be formed into a coordinated group, thereby extend-
ing processing for the normal base stations up to all the
transmission points in the coordinated group.

26 Claims, 21 Drawing Sheets
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FIG. 8A
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1201: MAKE UP A COORDINATED GROUP OF
A MACRO BASE STATION 1 AND
PICO BASE STATIONS COVERED BY
THE MACRO BASE STATION 1

'

1202: MACRO USER MEASURES SIGNALS FROM N
INTERFERENCE MACRO BASE STATIONS AND
FEEDS BACK N+1 CQIS

l

1203: PICO BASE STATION USER
MEASURES SIGNAL FROM M MACRO BASE STATIONS AND
FEEDS BACK M+1 CQIS

l

1204: MACRO BASE STATION 1 MAKES CAPACITY ESTIMATION
BASED ON FEEDBACK CQIS AND
DECIDES AN ACTUAL TRANSMISSION STATE OF OWN STATION

'

1205: EXCHANGE THE DECIDED ACTUAL TRANSMISSION
STATE BETWEEN
ADJACENT MACRO BASE STATIONS

l

1206: MACRO BASE STATION 1 PERFORMS DATA SCHEDULING
AND TRANSMISSION IN ACCORDANCE WITH

THE ACTUAL TRANSMISSION STATE WITH THE OWN STATION
AND SURROUNDING MACRO BASE STATIONS

FIG. 12
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1
METHOD FOR COORDINATING
INTER-CELL INTERFERENCE IN
HETEROGENEOUS NETWORK AND
HETEROGENEOUS NETWORK

TECHNICAL FIELD

The present invention relates to a radio communication
field, and particularly, to a method for coordinating inter-cell
interference in a heterogeneous network and the heteroge-
neous network.

BACKGROUND ART

A heterogeneous network (HetNet) has been considered a
development of the current radio network coverage technol-
ogy. In the heterogeneous network, there are arranged, in
addition to normal base stations (e.g., macro base stations
(macro eNodeB)) used in 2G, 3G, 4G, LTE or LTE-A net-
work, many low-power nodes (e.g., pico base stations (pico
eNodeB), femto base stations (femto eNodeB), relay stations,
micro base stations (micro eNodeB) etc.). These low-power
nodes contribute to improvement in cell’s total throughput
and cell coverage. Since a normal base station and a low-
power node are both transmission points in a heterogeneous
network, a user connected to such a low-power node suffers
from strong interference from the normal base station which
covers the same area as the low-power node. Particularly,
once the coverage of the low-power node is extended by
applying a fixed offset (bias), a user of the normal base station
may access the low-power node to become a low-power node
user, who thereby may suffer from stronger interference from
the normal base station. Accordingly, in the heterogeneous
network, there is a need to use enhanced inter-cell interfer-
ence coordination (eICIC).

In the current 3GPP standardization, a study about eICIC is
mainly focused on reduction in interference of a normal base
station which a low-power node user suffers from by switch-
ing the normal base station between mute and non-mute per
time interval. For example, in 3GPP Rel. 10, semi-static
elCIC has been studied intensively. In this technique, the
normal base station is controlled as to open and closed (mute/
non-mute) states based on a preset transmission pattern. Such
a pattern may be called ABS pattern (almost blank subframe
pattern) or muting pattern. However, if the transmission pat-
tern is fixed in each transmission time interval (TTI), it is not
optimal for cell total throughput. Accordingly, there is pro-
posed a dynamic eICIC technique.

According to the flow of the dynamic eICIC, in order to
improve cell total throughputs, the normal base station
dynamically determines the mute/non-mute state of data
transmission of the own station in each TTT or over a plurality
of TTIs. For example, in the dynamic eICIC, in determining
the mute/non-mute state of the macro base station, there is a
need to compare cell performance between a case of macro
base station without transmission (macro mute) and a case of
macro base station with transmission (macro non-mute).
Here, the mute state of the macro base station corresponds to
the case of macro base station without transmission and the
non-mute state of the macro base station corresponds to the
case of macro base station with transmission. In transmission
decision (muting decision), the macro base station compares
a sum of capacities of all transmission points for the case of
macro base station without transmission with a sum of
capacities of all transmission points for the case of macro base
station with transmission, and selects the state of higher
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2

capacity. As compared with the semi-static eICIC, some
improvement of performance is expected in the dynamic
elCIC.

FIG. 1a is a view illustrating cover areas of a macro base
station and each low-power node in the case of macro base
station without transmission (mute state), where the system
performance in this case represents a sum of capacities of all
users accessing to low-power nodes. FIG. 15 is a view illus-
trating cover areas of a macro base station and each low-
power node in the case of macro base station with transmis-
sion (non-mute state), where the system performance in this
case represents a sum of capacities of all users accessing to
the low-power nodes and all macro users. Here, each macro
user is a user accessing the macro base station. Comparing
capacities of these two cases, a case of higher capacity is
selected to be an actual state of the macro base station. Here,
the area enclosed in the solid line represents coverage of the
macro base station, the coverage that is not filled (blank)
represents the mute state of the macro base station, and the
coverage that is filled in a lattice pattern represents the non-
mute state of the macro base station. The area enclosed in the
dotted line represents coverage of each low-power node.

Specifically, the capacities of the above-mentioned two
cases are estimated by the transmission points based on chan-
nel quality indicators (CQIs) fed back from users. FIG. 2 is a
view illustrating the process of a user feeding back a CQI to a
transmission point. The feedback time interval is set by the
system, for example, 10 ms. In FIG. 2, the macro user feeds a
CQI for the non-mute state of the macro base station and after
a 6-ms propagation delay, the macro base station receives the
CQI and estimates a capacity that can be obtained when the
own station selects the non-mute state in the next transmis-
sion time. Specifically, the macro base station determines the
mute/non-mute state of the own station at the time 6 ms based
on the CQI at the time 0 ms received from a macro user.
Likewise, the macro base station determines the mute/non-
mute state of the own station at the time 16 ms based on the
CQI at the time 10 ms received from the macro user. A
low-power node user feeds back two representative CQIs of
the respective cases of non-mute and mute states of the macro
base station that covers the low-power node. Here, each
unfilled column represents a CQI for the mute state and each
filled column represents a CQI for the non-mute state. After
receiving these two CQls, the low-power node can estimate a
sum of capacities of all users of the own station for each ofthe
non-mute state and the mute state. Then, the macro base
station compares the capacities and executes the transmission
decision.

SUMMARY OF INVENTION
Technical Problem

However, for the dynamic eICIC technique, there are still
some problems that restrict improvement of the system per-
formance. First, when the macro base station adopts indepen-
dent decision of mute/non-mute state, there is highly possibly
caused an error. In the conventional technique, there may
exist a plurality of macro base stations over a heterogeneous
network. Each of the macro base stations determines the
mute/non-mute state for data transmission, based on received
user feedback information independently. However, in actual
transmission, the mute/non-mute state of the macro base sta-
tion may vary. Such variation cannot be anticipated for sur-
rounding macro base stations, which causes rapid undula-
tions of interference. Therefore, if a macro base station selects
the state of higher capacity at the decision step, unpredictable
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interference undulations may occur in actual transmission
due to variation in mute/non-mute state of surrounding macro
base stations, which makes it difficult to optimize the perfor-
mance with the decided state of the macro base station. Next,
some mismatch between a CQI used in scheduling and a CQI
used in actual transmission affects the system throughputs.
Specifically, rapid change in mute/non-mute state causes mis-
match between channel state information used in scheduling
and the actual channel transmission state. In this way, a modu-
lation and coding set (MCS) level selected by a scheduled
user does not match the actual channel. If the MCS level is
relatively high while the actual channel state is relatively bad,
an error bit rate for user’s data reception is relatively high and
the system throughput becomes lowered. If the MCS level is
relatively low while the actual channel state is relatively good,
the actual transmission data becomes less than data that can
be transmitted when the matched MCS level is adopted. That
is, in any case, there is reduction in system throughputs.

Solution to Problem

The present invention provides a method for coordinating
inter-cell interference in a heterogeneous network and also
provides the heterogeneous network.

One aspect of the present invention is a method for coor-
dinating inter-cell interference in a heterogeneous network
(HetNet), comprising:

a step A of forming M normal base stations (M is greater
than 1) and low-power nodes within coverage of the respec-
tive normal base stations in the heterogeneous network into a
coordinated group;

a step B of combining mute/non-mute states of bandwidths
of'the M normal base stations to obtain a plurality of states of
the coordinated group;

a step C of a user of each of the normal base stations in the
coordinated group, feeding at least one first channel quality
indicator (CQI) corresponding to the states of the coordinated
group back to the normal base station;

astep D of a user of each of the low-power nodes covered
by the normal base stations in the coordinated group, feeding
one or more second CQls corresponding to the states of the
coordinated group back to the low-power node;

a step E of using the at least one first CQI and the one or
more second CQIs as a basis to make capacity estimation of
the coordinated group and obtaining a plurality of system
capacities corresponding to the respective states of the coor-
dinated group; and

a step F of setting the mute/non-mute states of the band-
widths of the M normal base stations in accordance with a
state of the coordinated group corresponding to an optimal
system capacity so as to perform data transmission.

The states of the coordinated group in the step B include a
state where the M normal base stations are all non-mute and
a state where the M normal base stations are all mute,

in the step C, the user of the normal base station feeds back
the first CQI of the state where the M normal base stations are
all non-mute,

in the step D, the user of the low-power node feeds back
two second CQls of the state where the M normal base sta-
tions are all non-mute and the state where the M normal base
stations are all mute, and

the first CQI and the second CQIs are all related to inter-
ference strength outside the coordinated group.

The states of the coordinated group in the step B include
any combinations of the mute/non-mute states of the M nor-
mal base stations,

10

15

20

25

30

35

40

45

50

55

60

65

4

in the step C, the user of each of the normal base stations
decides M first CQIs, the first CQIs being related to signal
strength of j-th =1, 2, . . . , M) normal base stations and
interference strength outside the coordinated group, and

in the step D, the user of each of the low-power nodes
decides M+1 second CQls, the second CQIs being related to
signal strength of the low-power node, signal strength of the
respective normal base stations in the coordinated group and
the interference strength outside the coordinated group.

The step E comprises:

each of the normal base stations in the coordinated group
updating the M first CQIs fed back from the user of own
station to be CQIs in one-to-one correspondence with the
mute/non-mute sates of any combinations of the mute/non-
mute states of other normal base stations in the coordinated
group;

each of the low-power nodes updating the M+1 second
CQIs fed back from the user of own station to be CQIs in
one-to-one correspondence with the states of the coordinated
group; and

estimating the system capacities of the coordinated group
in the respective states based on the updated CQlIs.

The states of the coordinated group in the step B are deter-
mined by a number of mute normal base stations and the
number of mute normal base stations corresponding to an i-th
state of the coordinated group isi (i=0, 1, . .. , M),

in the step C, the user of each of the normal base stations
decides M first CQIs and an i-th first CQI (i=0, 1, . . . , M-1)
is related to signal strength of the normal base station to which
the user belongs, signal strength of another non-mute normal
base station in the i-th state of the coordinated group and
interference strength outside the coordinated group;

in the step D, the user of each of the low-power nodes
decides M+1 second CQIs and an i-th second CQI (i=0,
1,..., M) is related to signal strength of the low-power node,
the signal strength of the non-mute normal base station in the
i-th state of the coordinated group, and the interference
strength outside the coordinated group.

The i-th first CQI is a minimal CQI in the i-th state of the
coordinated group measured by the user of the normal base
station, and

the i-th second CQI is a minimal CQI in the i-th state of the
coordinated group measured by the user of the low-power
node.

Each of the states of the coordinated group in the step B
corresponds to one of selections by, once a number N, of
mute normal base stations is decided, selecting N, ., normal
base stations arbitrarily from the M normal base stations and
making the N, normal base stations mute, a value of N,
being any of 1, . .., M-1,

in the step C, the user of each of the normal base stations
decides M first CQlIs, each of the first CQIs being related to
signal strength of the normal base station to which the user
belongs, signal strength of another non-mute normal base
station in the corresponding state of the coordinated group,
and interference strength outside the coordinated group, and

in the step D, the user of each of the low-power nodes
decides M+1 second CQls, the second CQIs being related to
signal strength of the low-power node, signal strength of
non-mute normal base stations in the corresponding state of
the coordinated group, the interference strength outside the
coordinated group.

The step C further comprises the user of each of the normal
base stations feeding the determined M first CQIs back to the
normal base station, and the step D further comprises the user
of'each of the low-power nodes feeding the determined M+1
second CQIls back to the low-power node, or

close
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the step C further comprises the user of each of the normal
base stations grouping and comparing the determined M first
CQlIs, selecting a minimal first CQI from each group and
feeding the first CQI back to the normal base station, and the
step D further comprises the user of each of the low-power
nodes grouping and comparing the determined M+1 second
CQlIs, selecting a minimal second CQI from each group and
feeding the second CQI back to the low-power node.

5

The interference strength outside the coordinated group is 0

actual interference strength measured with actual mute/non-
mute states of normal base stations outside the coordinated
group by a corresponding user, or estimated interference
strength measured by the corresponding user assuming the
normal base stations outside the coordinated group are all
non-mute.

The step C further comprises the user of each of the normal
base stations assuming a plurality of states of the coordinated
group shiftable from a state of the coordinated group at a last
transmission time as the states of the coordinated group at a
current feedback time and feeding first CQIs corresponding
to the states of the coordinated group at the current feedback
time back to the normal base station, and

the step D further comprises the user of each of the low-
power nodes assuming a plurality of states of the coordinated
group shiftable from the state of the coordinated group at the
last transmission time as the states of the coordinated group at
the current feedback time and feeding second CQIs corre-
sponding to the states of the coordinated group at the current
feedback time back to the low-power node.

The step C further comprises the user of each of the normal
base stations deciding N, ,, first CQIs to feed back, selecting
strongest nl (nl meets N, ,,>nlz1) first CQIs from the
Ny first CQls and feeding the strongest n1 first CQIs back
to the normal base station, and

the step D further comprises the user of each of the low-
power nodes deciding N, ,, second CQIs to feed back,
selecting strongest n2 (n2 meets N, ,,>n2=1) second CQIs
from the N, second CQIs and feeding the strongest n2
second CQls back to the low-power node.

The step B further comprises dividing a whole band of each
of the normal base stations into K subband groups (K is
greater than 1), each of the subband groups including one or
a plurality of subbands, and combining the mute/non-mute
states of the M normal base stations in each of the subband
groups to obtain the states of the coordinated group.

The step A further comprises providing a control section
configured to be shared by the M normal base stations, and

the step E further comprises:

one of each of the low-power nodes, a normal base station

that covers the low-power node and the control section,
using the one or more second CQIs fed back from the
user of the low-power node as a basis to make capacity
estimation of the low-power node in the states

the normal base station or the control section, using the at

least one first CQI fed back from the user of the normal
base station and a capacity estimation result of the low-
power node covered by the normal base station as a basis
to make capacity estimation of the normal base station in
the states of the coordinated group, and

the control section using the capacity estimation result of

each of the normal base stations as a basis to make
capacity estimation of the coordinated group and obtain
the system capacities corresponding to the states of the
coordinated group.

The step A further comprises selecting a decision normal
base station from the M normal base stations and setting each
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normal base station other than the decision normal base sta-
tion to be another normal base station, and
the step E further comprises:
one of each of the low-power nodes, a normal base station
that covers the low-power node and the decision normal
base station, using the one or more second CQIs fed back
from the user of the low-power node as a basis to make
capacity estimation of the low-power node in the states

the other normal base station or the decision normal base
station, using the at least one first CQI fed back from the
user of the other normal base station and a capacity
estimation result of the low-power node covered by the
other normal base station as a basis to make capacity
estimation of the other normal base station in the states
of the coordinated group, and

the decision normal base station using the at least one first

CQI fed back from the user of own station and a capacity
estimation result of the low-power node covered by the
decision normal base station as a basis to make capacity
estimation of the decision normal base station in the
states of the coordinated group and using a capacity
estimation result of each of the normal base stations as a
basis to make capacity estimation of the coordinated
group and obtain the system capacities corresponding to
the states of the coordinated group.

In the step F, an actual CQI is decided corresponding to the
state of the coordinated group of the optimal system capacity
and data scheduling and transmission is performed in accor-
dance with the actual CQI.

The method further comprises:

deciding a degree of importance of the first CQI or the
second CQIs;

setting a feedback cycle of each of the first CQI and the
second CQIs in accordance with the degree of importance in
such a manner that the feedback cycle of a CQI of higher
degree of importance is short and the feedback cycle of a CQI
of'lower degree of importance is long; or

using the CQI of higher degree of importance as a reference
CQI to send feedback directly to a corresponding transmis-
sion point and to send a difference between the reference CQI
and the CQI of lower degree of importance as feedback to a
corresponding transmission point.

The step A further comprises forming M normal base sta-
tions co-located in the heterogeneous network and corre-
sponding low-power nodes into the coordinated group or
forming neighbor M normal base stations in the heteroge-
neous network and corresponding low-power nodes into the
coordinated group.

The method further comprises calculating actual transmis-
sion power of the normal base stations as P (P falls within
[0, 1])xspecified transmission power and deciding the mute/
non-mute state based on the actual transmission power.

Another aspect the present invention is a heterogeneous
network comprising:

at least one coordinated group including M normal base
stations (M is greater than 1) and low-power nodes within
coverage of the respective normal base stations; and

a control section configured to be shared by the M normal
base stations, wherein

at least one normal base station of the normal base stations
in the coordinated group covers one or a plurality of low-
power nodes,

each of the normal base stations in the coordinated group
receives at least one first channel quality indicator (CQI)
corresponding to a plurality of states of the coordinated group
fed back from a user of own station to the normal base station,
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the states of the coordinated group being obtained by com-
bining mute/non-mute states of bandwidths of the M normal
base stations,

each of the low-power nodes covered by the respective
normal base stations in the coordinated group receives one or
more second CQIs corresponding to the states of the coordi-
nated group fed back from a user of own station to the low-
power node, and

the control section uses the at least one first CQI and the
one or more second CQIs as a basis to make capacity estima-
tion of the coordinated group, obtains a plurality of system
capacities corresponding to the respective states of the coor-
dinated group, and sets the mute/non-mute states of the band-
widths of the M normal base stations in accordance with a
state of the coordinated group corresponding to an optimal
system capacity so as to perform data transmission.

Each of the low-power nodes performs calculation and
updating of the one or more second CQIs fed back from the
user of own station, uses the updated CQIs as a basis to make
capacity estimation of the low-power node and provides a
capacity estimation result of the low-power node in the states
of'the coordinated group to the normal base station that covers
the low-power node,

each of the normal base stations performs calculation and
updating of the at least one first CQI fed back from the user of
own station, uses the updated CQI and the capacity estimation
result of the low-power node covered by the normal base
station as a basis to make capacity estimation of the normal
base station and provides a capacity estimation result of the
normal base station in the states of the coordinated group to
the control section, and

the control section uses the capacity estimation result of
each of the normal base stations as a basis to make capacity
estimation of the coordinated group and obtains the system
capacities corresponding to the respective states of the coor-
dinated group.

Yet another aspect of the present invention is a heteroge-
neous network comprising

at least one coordinated group including M normal base
stations (M is greater than 1) and low-power nodes within
coverage of the respective normal base stations, wherein

one of the normal base stations is a decision normal base
station and each normal base station other than the decision
normal base station is another normal base station,

at least one normal base station of the normal base stations
in the coordinated group covers one or a plurality of low-
power nodes,

each of the normal base stations in the coordinated group
receives at least one first channel quality indicator (CQI)
corresponding to a plurality of states of the coordinated group
fed back from a user of own station to the normal base station,
the states of the coordinated group being obtained by com-
bining mute/non-mute states of bandwidths of the M normal
base stations,

each of the low-power nodes covered by the respective
normal base stations in the coordinated group receives one or
more second CQIs corresponding to the states of the coordi-
nated group fed back from a user of own station to the low-
power node, and

the decision normal base station uses the at least one first
CQI and the one or more second CQIs as a basis to make
capacity estimation of the coordinated group, obtains a plu-
rality of system capacities corresponding to the respective
states of the coordinated group, and sets the mute/non-mute
states of the bandwidths of the M normal base stations in
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accordance with a state of the coordinated group correspond-
ing to an optimal system capacity so as to perform data
transmission.

Each of the low-power nodes performs calculation and
updating of the one or more second CQIs fed back from the
user of own station, uses the updated CQIs as a basis to make
capacity estimation of the low-power node and provides a
capacity estimation result of the low-power node in the states
of'the coordinated group to the normal base station that covers
the low-power node,

the other normal base station uses the at least one first CQI
fed back from the user of own station and the capacity esti-
mation result of the low-power node covered by the other
normal base station as a basis to make capacity estimation of
the other normal base station and provides a capacity estima-
tion result of the other normal base station in the states of the
coordinated group to the decision normal base station, and

the decision normal base station uses the at least one first
CQI fed back from a user of own station and a capacity
estimation result of alow-power node covered by the decision
normal base station as a basis to make capacity estimation of
the coordinated group and obtains the system capacities cor-
responding to the respective states of the coordinated group.

Yet another aspect of the present invention is a method for
coordinating inter-cell interference in a heterogeneous net-
work (HetNet), comprising the steps of:

a step A2 of forming a first normal base station and one or
aplurality of low-power node covered by the first normal base
station in the heterogeneous network into a coordinated
group;

a step B2 of a user of the first normal base station measur-
ing signal strength of the first normal base station and signal
strength of one or more interference normal base stations
around the user and feeding back a plurality of corresponding
third channel quality indicators (CQlIs);

a step C2 of a user of each low-power node covered by the
first normal base station measuring signal strength of one or a
plurality of normal base stations around the user and feeding
back a plurality of corresponding fourth CQlIs;

a step D2 of using the third CQIs and the fourth CQIs as a
basis to make capacity estimation of the first normal base
station in each of a mute state and a non-mute state, selecting
a state of higher system capacity out of the mute state and the
non-mute state and setting the state as an actual transmission
state of the first normal base station; and

a step E2 of the first normal base station obtaining an actual
transmission state of each interference normal base station,
using the third CQIs and the fourth CQIs as a basis to decide
actual CQIs corresponding to the actual transmission state of
the first normal base station and the actual transmission state
of the interference normal base station and performing data
scheduling and transmission in accordance with the actual
CQL

The step B2 further comprises setting a measurement feed-
back group in advance for all users of the first normal base
station and measuring signal strength of the normal base
station in the measurement feedback group so that each of the
users of the first normal base station can feed back the corre-
sponding third CQIs.

The step E2 further comprises, when the third CQIs and the
fourth CQIs are the actual CQIs corresponding to the actual
transmission state of the first normal base station and the
actual transmission state of the interference normal base sta-
tion, performing user scheduling of the first normal base
station in accordance with the third CQIs and performing user
scheduling of each of the low-power nodes covered by the
first normal base station in accordance with the fourth CQlIs.
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The step E2 further comprises performing calculation and
updating of the third CQIs and the fourth CQIs to obtain
actual CQIs corresponding to the actual transmission state of
the first normal base station and the actual transmission state
of the interference normal base station.

Yet another aspect of the present invention is a method for
coordinating inter-cell interference in a heterogeneous net-
work (HetNet), comprising the steps of:

a step A3 of forming M transmission points (M is greater
than 1) into a coordinated group, each of the M transmission
points including one or a plurality of normal base stations and
low-power nodes covered by the respective normal base sta-
tions;

a step B3 of combining mute/non-mute states of band-
widths of the M transmission points to obtain a plurality of
states of the coordinated group;

a step C3 of a user of each of the transmission points in the
coordinated group feeding at least one channel quality indi-
cator (CQI) corresponding to the states of the coordinated
group, back to the transmission point;

a step D3 of making capacity estimation of the coordinated
group based on the fed-back CQI to obtain a plurality of
system capacities corresponding to the respective states of the
coordinated group; and

a step E3 of setting the mute/non-mute states of the band-
widths of the M transmission points in accordance with a state
of'the coordinated group corresponding to an optimal system
capacity so as to perform data transmission.

The states of the coordinated group in the step B3 include
any combination of the mute/non-mute states of the M trans-
mission points, and

in the step C3, a user of each of the transmission points
decides M CQIs and each of the CQIs is related to signal
strength of the corresponding transmission point and inter-
ference strength outside the coordinated group.

The states of the coordinated group in the step B3 are
decided by a number of mute transmission points and the
number of mute transmission points corresponding to an i-th
state of the coordinated group is i (i=0, 1, . . . , M-1), and

in the step C3, the user of each of the transmission points
decides M CQIs and each of the CQIs is related to signal
strength of the transmission point to which the user belongs,
signal strength of another non-mute transmission point in the
i-th state of the coordinated group and interference strength
outside the coordinated group.

Each of the states of the coordinated group in the step B3
corresponds to one of selections by, once a number N, of
mute transmission points is decided, selecting N, trans-
mission points arbitrarily from the M transmission points and
making the N, ., transmission points mute, a value of N
being any of 1, .. ., M-1, and

in the step C3, the user of each of the transmission points
decides M CQIs, each of the CQIs being related to signal
strength of the transmission point to which the user belongs,
signal strength of another non-mute transmission point in the
corresponding state of the coordinated group signal, and
interference strength outside the coordinated group.

close

Advantageous Effects of Invention

In the method and heterogeneous network provided in the
embodiments of the present invention, the mute/non-mute
states of the plural normal base stations are decided in a
consolidated manner by using the coordinated group, thereby
improving system average throughputs and edge throughputs
effectively. Further, the number of CQIs fed back from a user
is increased and an actual amount of feedback information is
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controlled, thereby improving the system average through-
puts and/or edge throughputs to a greater degree. Particularly,
if each user accesses a transmission point and the service area
of a low-power node is extended by adopting an offset, the
method as provided by each embodiment of the present inven-
tion has greater performance gains.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1a is a diagram illustrating cover areas of a macro
base station and low-power nodes in the case of macro base
station without transmission;

FIG. 15 is a diagram illustrating cover areas of a macro
base station and low-power nodes in the case of macro base
station with transmission;

FIG. 2 is a diagram illustrating feedback of CQIs from a
user to a transmission point;

FIG. 3 is a diagram illustrating the flow of a method for
making consolidated decision of mute/non-mute state over
plural macro base stations according to an embodiment of the
present invention;

FIG. 4 is a diagram illustrating the flow of a method for
making consolidated decision of mute/non-mute state over
plural macro base stations according to another embodiment
of the present invention;

FIG. 5 is a diagram illustrating four possible combinations
of mute/non-mute states of three macro base stations in one
specific application scenario of the present invention;

FIG. 61is a diagram illustrating eight possible combinations
of mute/non-mute states of three macro base stations in one
specific application scenario of the present invention;

FIG. 7 is a diagram illustrating feedback of CQIs from a
user to a transmission point according to one embodiment of
the present invention;

FIG. 8a is a diagram illustrating a structure of a coordi-
nated group according to one specific application scenario of
the present invention;

FIG. 86 is a diagram illustrating a structure of a coordi-
nated group according to another specific application sce-
nario of the present invention;

FIG. 9 is a diagram illustrating four possible combinations
of' mute/non-mute states of two macro base stations according
to one specific application scenario of the present invention;

FIG.101s a diagram illustrating two possible combinations
of' mute/non-mute states of two macro base stations according
to one specific application scenario of the present invention;

FIG. 11a is a diagram illustrating an actual transmission
state per subband in one specific application scenario of the
present invention;

FIG. 115 is a diagram illustrating another actual transmis-
sion state per subband in one specific application scenario of
the present invention;

FIG. 12 is a flowchart of a method for coordinating inter-
cell interference in one embodiment of the present invention;

FIG. 13 is a diagram illustrating a configuration of a het-
erogeneous network in an embodiment of the present inven-
tion;

FIG. 14 is a diagram illustrating a configuration of a het-
erogeneous network in another embodiment of the present
invention;

FIG. 15 is a diagram illustrating a configuration of a het-
erogeneous network in yet another embodiment of the present
invention;

FIG. 16 is a diagram illustrating a configuration of a het-
erogeneous network in yet another embodiment of the present
invention;
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FIG. 17 is a diagram illustrating transition of a coordinated
group state according to one embodiment of the present
invention; and

FIG. 18 is a diagram illustrating transition of a coordinated
group state according to another embodiment of the present
invention.

DESCRIPTION OF EMBODIMENTS

In order to further clarify an objective, solving means and
merits of the present invention, the present invention will be
described in detail below, with reference to the drawings and
by way of embodiments.

In order to solve the problem of unpredictable change in
interference due to independent decision of mute/non-mute
state by each normal base station, according to one embodi-
ment of the present invention, there is provided a consolidated
mute/non-mute decision method over normal base stations
for forming some neighbor normal base stations into a coor-
dinated group and making consolidated decision of mute or
non-mute at each transmission time.

Specifically, the present invention provides a method for
coordinating inter-cell coordination in a heterogeneous net-
work. The method comprises:

a step A of forming M normal base stations (M is greater
than 1) and low-power nodes within coverage of each of the
normal base stations in a heterogeneous network into a coor-
dinated group;

a step B of combining mute/non-mute states of bandwidths
of'the M normal base stations to obtain a plurality of states of
the coordinated group;

a step C of each user of each of the normal base stations in
the coordinated group feeding at least one first channel qual-
ity indicator (CQI) corresponding to the states of the coordi-
nated group, back to the normal base station;

astep D of each user of each of the low-power nodes within
coverage of the normal base stations in the coordinated group
feeding one or more second CQIs corresponding to the states
of the coordinated group, back to the low-power node;

a step E of performing capacity estimation of the coordi-
nated group based on the at least one first CQI and the one or
more second CQIs to obtain a plurality of system capacities
corresponding to the respective states of the coordinated
group; and

a step F of setting up the mute/non-mute states of band-
widths of the M normal base stations in accordance with a
state of the coordinated group corresponding to an optimal
system capacity so as to perform data transmission.

In the step B, it is possible to decide a plurality of states of
the coordinated group in accordance with accrual situations.
For example, these plural states may include all combinations
of mute/non-mute states of the M normal base stations or
some states selected from the above-mentioned combina-
tions. Or, they may include only two states, one state being
composed of all non-mute states and the other being com-
posed of all mute states. In the step C, each of the normal base
stations in the coordinated group receives the first CQI fed
back from each user of the normal base station by executing
processing. In the step D, likewise, each low-power node in
the coordinated group receives the second CQI fed back from
each user of the low-power node by executing processing. In
the step E, the feedback CQIs are subjected to calculation and
updating, and updated CQIs are used as a basis to be able to
estimate system capacities of the whole coordinated group.
This step includes step-by-step calculation. For example,
first, a capacity of each low-power node is estimated about
plural states and then, system capacities of all low-power
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nodes within coverage of a certain normal base station are
used as a basis to estimate system capacities of the normal
base station about plural states. Finally, system capacities of
all normal base stations in the coordinated group are used as
a basis to estimate system capacities of the coordinated group
about the plural states. In a specific embodiment, the system
capacities may be throughputs estimated with the CQIs or
may be such as considering with both of throughputs and
fairness.

For example, for some macro base station, there is no
problem of unpredictability of surrounding interference if
neighbor macro base stations within the same coordinated
group perform mute/non-mute together with the macro base
station. On the other hand, if a low-power node user feeds
back CQIs of the two states, one being such that all macro
base stations in the coordinated group are non-mute and the
other being such that all macro base stations in the coordi-
nated group are mute, it is possible to, in scheduling, select an
appropriate CQI based on the actual consolidated decision of
mute/non-mute state and thereby to selectan MCS level. With
this structure, the selected MCS level is matched with a chan-
nel state in actual transmission, thereby to reduce an error bit
rate and to improve the system throughputs.

Besides, for a macro base station in the coordinated group,
possible combinations of mute/non-mute states include not
only the combination of all mute states and the combination
of all non-mute states, but also, various combinations such as
a combination composed of non-mute states of some macro
base stations and mute states of some macro base stations.
Each of the combinations of the mute/non-mute states is
called one state of the coordinated group. In order to select an
optimal state from many states, according to a specific
embodiment of the present invention, it is required to feed
back CQIs of plural states from each user. For example, when
the coordinated group includes M macro base stations, one or
aplurality of pico base stations are located within coverage of
each of the macro base stations, and each CQI (called a first
CQI) fed back from a macro user is related to signal strength
of each macro base station and interference strength outside
the coordinated group. For example, the i-th first CQI fed
back from the macro user can be expressed by
CQIm,~function (P, ICI+n). In the equation, P, =1, 2, . . .,
M) represents signal strength of the j-th macro base station.
Specifically, the interference strength outside the coordinated
group may be actual interference strength measured by the
macro user at the CQI feedback time. In this case, the macro
user decides the interference strength based on actual mute/
non-mute state of each of one or plural macro base stations
outside the coordinated group. For example, reference signal
strength of each macro base station in the mute state is not
reflected in interference strength. The interference strength
outside the coordinated group may be estimated interference
strength measured by each macro user (for example, interfer-
ence strength obtained on the assumption that each of one or
more macro base stations outside the coordinated group is in
the non-mute state). In this case, even reference signal
strength of a macro base station actually in the mute state is
reflected in the interference strength. As a matter to be
explained, different CQIs fed back from macro users and
signal strength and/or interference strength need not to have
same relationship (see CQIm,, CQIm,, CQIm,, in the step
402). Each CQI (called a second CQI) fed back from a pico
base station user is related to signal strength of a serving pico
base station of the user, signal strength of each macro base
station within the coordinated group and the interference
strength outside the coordinated group. As a matter to be
explained, the interference strength outside the coordinated
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group may be actual interference strength measured by a pico
base station user at the CQI feedback time or estimated inter-
ference strength obtained by the pico base station user. In one
specific embodiment, the i-th second CQI fed back from the
pico base station user can be expressed by CQIp,=function
(P,, P, ICI4n). In the equation, P, represents signal strength
of the serving pico base station and P, (j=0, 1, 2, . . . , M)
represents signal strength of the j-th macro base station. As a
matter to be explained, P, and P, may appear repeatedly in
plural second CQIs fed back from the pico base station user
and may be appear one of the second CQIs, however, they
appear in all second CQIs fed back from the pico base station
user at least once. After receiving the above-mentioned CQIs
(including first CQIs and/or second CQIs), a corresponding
transmission point performs calculation and updating by a
fixed method and obtains CQIs of all possible states of the
coordinated group. Then, it compares sums of capacities of all
macro base stations in the coordinated group between states,
select a state corresponding to the greatest sum of capacities,
and performs actual transmission. In this way, the sum of
capacities of all macro base stations in the coordinated group
becomes optimal even per TTI. Accordingly, it becomes pos-
sible to greatly improve the system capacities of the dynamic
elCIC.

Specifically, assuming that three macro base stations are
included in the coordinated group, there are eight possible
states of the coordinated group. In this case, each macro user
feeds back three first CQIs and each low-power node user
feeds back four second CQls. After receiving the CQIs men-
tioned above, a macro base station can obtains CQIs of four
states of the macro user and CQIs of eight states of the
low-power node user by calculation. Then, the macro base
station estimates a capacity of each corresponding state based
on the CQI of'the state, and finally, selects a state of optimal
capacity from the eight states so that the three macro base
stations in the coordinated group perform actual transmission
in accordance with the state.

As a matter to be explained, in the above-mentioned
embodiment, the macro users and low-power node users both
increase the amount of feedback information. Accordingly, in
order to maintain an overhead of the feedback of each user at
a normal level or relatively low level, a fixed mechanism is
further adopted to reduce the actual amount of feedback infor-
mation. For example, different feedback cycles may be
adopted to CQIs in different states, or a difference between a
required CQI and some reference CQI may be sent as feed-
back. In realizing multi CQI feedback by adopting different
feedback cycles, CQIs of different states are treated distinc-
tively, but the same feedback cycle is not adopted. Specifi-
cally, the CQI feedback of a CQI representative of desired
signal strength is smaller than the feedback cycle of a CQI
representative of interference signal strength.

In an embodiment of the present invention, it is possible to
obtain a plurality of states of the coordinated group by com-
bining mute/non-mute states of bandwidths of M normal base
stations. In one specific embodiment, the mute/non-mute
state of the bandwidth of each normal base station is a mute/
non-mute state of the whole band (wideband) of the normal
base station (that is, the mute/non-mute state of the normal
base station). In another specific embodiment, the mute/non-
mute state of the bandwidth of each normal base station is a
mute/non-mute state of each subband or subband group of the
normal base station, and mute/non-mute states of subbands of
normal base stations are combined to obtain plural states of
the coordinate group per subband. Here, each subband group
includes a plurality of subbands.
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With reference to FIGS. 3 and 4, description is made about
a method for coordinating inter-cell interference by way of
example of the mute/non-mute state over a whole band.

FIG. 3 illustrates a flow of the method for making consoli-
dated decision of mute/non-mute state over plural macro base
stations according to one embodiment of the present inven-
tion (this method is also referred to as “Method 1 of the
present invention”). This method includes the following
steps.

Inthe step 301, three macro base stations (MeNBs) located
in the same area are formed into a coordinated group, and one
of them is determined to be a decision macro base station
(decision maker).

Needless to say, each of the macro base stations in the
coordinated group can cover one or more pico base stations
(PeNBs). Each of these macro base stations and pico base
stations as transmission points has its own users. A user of a
certain macro base station is called a macro user (MUE), the
macro base station becomes a serving macro base station for
the macro user. When a user of a certain pico base station is
called a pico base station user (PUE), the pico base station
becomes a serving pico base station for the pico base station
user.

In the step 302, a user decides a CQI and feeds the CQI
back to a transmission point.

Specifically, each macro user feeds one CQI (called a first
CQI) back to a serving macro base station of the macro user,
and the CQI corresponds to a CQI of the non-mute state of the
three macro base stations (for example, CQIm =P, /(P,+P,+
ICI+n)). Each pico base station user feeds two CQIs (called
second CQIs) back to a serving pico base station of the pico
base station user, and these two CQIs correspond to two
states, one of which is such that the three macro base stations
in the coordinated group are all non-mute and the other is such
that the three macro base stations are all mute (for example,
for the all non-mute case, CQIp,=P,/(P,+P,+P;+ICI+n), and
for the all mute case, CQIp,=P,/(ICI+n)). Here, ICI is a sum
of interference of the other pico base stations and macro base
stations outside the coordinated group. This ICI may be inter-
ference measured with the actual mute/non-mute state of the
macro base stations outside the coordinated group or inter-
ference measured assuming that all the macro base station
outside the coordinated group are in the non-mute state.

In the step 303, each macro base station performs pre-
scheduling based on information fed back from a macro user
of the own station, and estimate a system capacity of the
macro base station in the non-mute state. In the same manner,
each pico base station performs prescheduling based on two
CQIs fed back from a pico base station user of the own station,
and estimates a sum of capacities of the pico base station user
in each of the two states of the three macro base stations in the
coordinated group, one of the two states being such that all of
the macro base stations are non-mute and the other being such
that all of the macro base stations are mute.

As a matter to be explained, each transmission point per-
forms capacity estimation based on CQIs fed back from users
of the own station, which can be understood with reference to
the conventional art, and its explanation is omitted here.

In the step 304, all the pico base stations and the other two
macro base stations in the coordinated group transmit esti-
mated system capacities to the decision macro base station.

In the step 305, the decision macro base station calculates
and compares capacities of the entire system about the two
states, one of which is such that the three macro base stations
are all non-mute and the other is such that the three macro
base stations are all mute, and makes transmission decision.
Then, it sets actual transmission states of all the macro base
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stations in the coordinated group to be a state of higher capac-
ity, and notifies all the pico base stations and the other two
macro base stations in the coordinated group of the transmis-
sion decision result.

In the step 306, the other two macro base stations perform
data transmission in accordance with the transmission deci-
sion result, and likewise, all the pico base stations in the
coordinated group perform scheduling and data transmission
in accordance with the transmission decision result.

In another embodiment of the present invention, if the three
macro base stations are all remote radio heads (RRHs) and
share one control section, the flow illustrated in FIG. 3 is
changed as follows. That is, in the step 301, when the three
RRHs are formed into a coordinated group, there is no need to
select one of the RRHs as a decision macro base station, and
the required transmission decision function is executed by the
control section. In the steps 303 and 304, each of the three
RRHs transmits all received CQIs to the control section. The
control section performs prescheduling on all of the macro
users served by the three RRHs and estimates a sum of capaci-
ties of the macro users in the all non-mute state of the three
RRHs. In this case, there is no need to change the processing
executed by the pica base stations.

FIG. 4 illustrates a flow of a method for making consoli-
dated decision of mute/non-mute state over a plurality of
macro base stations according to another embodiment of the
present invention (called Method 2 of the present invention).
This method includes the following steps. As a matter to be
explained, in this embodiment, the mechanism for a user to
feed back CQIs is not the same as that in FIG. 3. In this case,
each macro user has to feed back three CQIs and each low-
power node user has to feed back four CQIs.

In the step 401, three macro base stations located in the
same area are formed into a coordinated group and one of
them is selected as a decision macro base station.

Like in the step 301 of FIG. 3, if all of the three macro base
stations are RRHs and share one control section, it is not
necessary to select a decision macro base station.

In the step 402, each macro user feeds three first CQIs back
to the serving macro base station of the macro user.

In a specific embodiment of the present invention, the three
first CQIs fed back from each macro user in the step 402 are
CQIm,=P,/(ICI+n), CQIm,=P,/(ICI+n), and CQIm,=P,/
(ICI+n). Here, P, (=1, 2, 3) represents signal strength
received from the j-th macro base station in the coordinated
group by the macro user, ICI represents interference strength
outside the coordinated group or interference strength of the
other macro base stations other than the three macro base
stations in the coordinated group and all pico base stations,
and n represents a heat noise. Specifically, ICI may be actual
interference strength determined by the macro user based on
actual mute/non-mute state of the macro base stations outside
the coordinated group or may be estimated interference
strength measured assuming that all the macro base stations
outside the coordinated group are in the non-mute state.

In a specific embodiment of the present invention, each
macro user feeds three first CQIs back to the serving macro
base station of the macro user in the step 402. These three first
CQIs are CQIm,=P,/(ICI+n), CQIm,=P,/(P,+ICI+n), and
CQIm,;=P,/(P;+ICI+n). Here, P, (j=1, 2, 3) represents signal
strength received from the j-th macro base station in the
coordinated group by the macro user, ICI represents interfer-
ence strength of the other macro base stations other than the
three macro base stations in the coordinated group and all
pico base stations, and n represents a heat noise.
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In the step 403, after receiving three first CQIs fed back
from each macro user, the macro base station performs cal-
culation and updating and obtains CQIs of four states.

In one specific embodiment of the present invention,
description is made by way of example of a macro user in the
first macro base station. For this macro user, the CQIs for the
four states are as follows: 1) when the second and third macro
base stations are mute, CQI=CQIm,, 2) when the second and
third macro base stations are non-mute, CQI CQIm,/
(CQImM;+CQIm,+1), 3) when the second macro base station
is mute and the third macro base station is non-mute,
CQI=CQIm,/(CQIm;+1), and 4) when the second macro
base station is non-mute and the third macro base station is
mute, CQI=CQIm,/(CQIm,+1). These four states are as illus-
trated in FIG. 5. In the figure, the unfilled areas indicate that
macro base stations in these areas are non-mute and the areas
filled with vertical lines indicate that macro base stations in
these areas are mute.

In another specific embodiment of the present invention,
after receiving three first CQIs fed back from each macro
user, the macro base station performs calculation and updat-
ing to obtain CQIs of four states in the step 403. Taken an
example of a macro user in the first macro base station, CQIs
corresponding to the four states for the macro user are as
follows: 1) when the second and third macro base stations are
mute, CQI=CQIm,, 2) when the second and third macro base
stations are non-mute, CQI=1/(1/CQIm,+1/CQIm,-1/
CQIm, ), 3) when the second macro base station is mute and
the third macro base station is non-mute, CQI=CQIm;, and 4)
when the second macro base station is non-mute and the third
macro base station is mute, CQI=CQIm,.

In the step 404, each pica base station user feeds four
second CQIs back to the serving pica base station of the pica
base station user.

Specifically, these four second CQls are CQlp,=P,/(ICI+
n), CQIp,=P,/(ICI+n), CQIp;=P;/(ICI+n), and CQIp,=P,/
(ICI+n). Here, P, (=1, 2, 3) represents signal strength
received from the j-th macro base station in the coordinated
group by the pica base station user, P, represents signal
strength received from a serving pica base station by the pica
base station user, ICI represents interference strength outside
the coordinated group or interference strength of the other
macro base stations other than the three macro base stations in
the coordinated group and pica base stations other than the
serving pica base station, and n represents a heat noise. Spe-
cifically, ICI may be actual interference strength determined
by the pica base station user based on actual mute/non-mute
state of the macro base stations outside the coordinated group
ormay be estimated interference strength measured assuming
that all the macro base stations outside the coordinated group
are in the non-mute state.

In the step 405, receiving the four second CQIs fed back
from each pica base station user, the pica base station per-
forms calculation and updating and obtains CQIs of eight
states.

Taken an example of a pico base station user under control
of a pico base station in the first macro base station, for the
pico base station user, CQIs corresponding to eight states are
as follows: 1) when the first, second and third macro base
stations are all mute, CQI=CQIp,, 2) when the first, second
and third macro base stations are all non-mute, CQI=CQIp,/
(CQIp5+CQIp,+CQIp, +1), 3) when the first macro base sta-
tion is mute and the second and third macro base stations are
non-mute, CQI=CQIlp,/(CQIp;+CQIp,+1), 4) when the first
macro base station is non-mute and the second and third
macro base stations are mute, CQI=CQIp,/(CQIp,+1), 5)
when the second macro base station is mute and the first and
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third macro base stations are non-mute, CQI=CQIp,/
(CQIp;+CQIp,+1), 6) when the second macro base station is
non-mute and the first and third macro base stations are mute,
CQI=CQIpy/(CQIp,+1), 7) when the third macro base station
is mute and the first and second macro base stations are
non-mute, CQI=CQIp,/(CQIp,+CQlIp,+1), and 8) when the
third macro base station is non-mute and the first and second
macro base stations are mute, CQI=CQIp,/(CQIp;+1). These
eight states are as illustrated in F1G. 6. Here, the unfilled areas
indicate that macro base stations in these areas are non-mute
and the areas filled with vertical lines indicate that macro base
stations in these areas are mute.

In the step 406, each macro base station performs pre-
scheduling based on updated CQI information of four states,
and estimates a sum of capacities of macro users in each of the
states. Each pico base station performs prescheduling based
on updated CQI information of eight states and estimates a
sum of capacities of the pico base station user in each of the
states.

In the step 407, all the pico base stations and the other two
macro base stations in the coordinated group transmit esti-
mated system capacities to the decision macro base station.

In the step 408, the decision macro base station calculates
the system capacities of the three macro base stations in the
coordinated group about the eight states, makes transmission
decision and sets the actual transmission states of the three
macro base stations in the coordinated group in accordance
with a state of higher capacity. Then, it transmits the trans-
mission decision result to all the pico base station and the
other two macro base stations in the coordinated group.

In the step 409, the other two macro base stations perform
data transmission in accordance with the transmission deci-
sion result and all the pico base stations in the coordinated
group perform scheduling and data transmission in accor-
dance with the transmission decision result.

Specifically, each pico base station performs scheduling in
accordance with a CQI corresponding to the actually decided
state of the coordinated group. For example, as to the actual
transmission state, when the third macro base station is non-
mute and the first and second macro base stations are mute,
the pico base station does not perform scheduling in accor-
dance with the received feedback CQI but performs schedul-
ing with a value of CQI=CQIp,/(CQIp;+n).

As a matter to be explained, in the above-described flow,
the first CQIs and second CQIs are both CQIs fed back from
each user and are named differently merely so as to discrimi-
nate between CQIs fed back from a macro user and CQIs fed
back from a pico base station user.

In another embodiment of the present invention, in order to
reduce an amount of feedback information from users statis-
tically, the following change may be made to the steps 402 to
405 in FIG. 4 (also called Improvement to Method 2 of the
present invention).

Specifically, in the step 402, each macro user feeds only
one CQI back to a serving macro base station of the macro
user at each CQI feedback time. This one CQI is one of the
three first CQIs CQIm,=P,/(ICI+n), CQIm,=P,/(ICI+n), and
CQIm,=P,/(ICI+n). Here, P; (j=1, 2, 3) represents signal
strength received from the j-th macro base station in the
coordinated group by the macro user, ICI represents interfer-
ence strength of the other macro base stations other than the
three macro base stations and all pico base stations in the
coordinated group, and n represents a heat noise. As a matter
to be explained, these three first CQIs have different feedback
cycles. For example, a CQI feedback cycle corresponding to
the serving macro base station is twice the feedback time
interval, the CQI feedback cycle of the other two first CQIs is
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three times the feedback time interval. Accordingly, in the
step 403, after receiving one CQI fed back from each macro
user, the macro base station picks up CQIs of previously
received latest other two cases, and uses these three CQls as
a basis to perform analogue calculation and updating, thereby
to obtain CQIs for the four cases.

In the step 404, each pico base station user feeds two CQIs
back to a serving pico base station of the pica base station
user. One of the CQIs is CQIp,=P,/(ICl+n), and the other CQI
is one of the three second CQIs of CQIp,=P,/(ICI+n),
CQIp,=P,/(ICI+n), CQIp;=Py/(ICI+n). Here, P, (=1, 2, 3)
represents signal strength received from the j-th macro base
station in the coordinated group by the pico base station user,
P, represents signal strength received from the serving pico
base station by the pico base station user, ICI represents
interference strength of the macro base stations and pico base
stations other than the three macro base stations and the
serving pico base station in the coordinated group, and n
represents a heat noise. The feedback cycle of these three
second CQIs is three times the feedback time interval.
Accordingly, in the step 405, after receiving two CQIs fed
back from each pico base station user, the pico base station
picks up CQIs of previously received latest other two cases,
and uses these four CQIs as a basis to perform analogue
calculation and updating, thereby to obtain CQIs for the eight
cases.

Specifically, FIG. 7 illustrates differences in user’s CQI
feedback between the conventional dynamic eICIC tech-
nique, the method 1 of the present invention, the method 2 of
the present invention and the improvement to the method 2 of
the present invention. As to the improvement to the method 2
of the present invention, FIG. 7 illustrates only some of the
methods for decreasing the amount of feedback information.
There are many other methods (for example, a method for
changing the feedback cycle for different CQlIs, or a method
for feeding one CQI and a difference between the CQI and
another CQJ, etc.). These methods are all effective to achieve
the objective of reducing feedback overhead of each user
statistically.

Theoretically, for a coordinated group composed of M
macro base stations (M is an integer greater than 1), according
to the method 2 of the present invention, the number of CQIs
that need to be fed back is as follows. That is, each macro user
feeds back M CQIs, and each base station user feeds back
M+1 CQIs. As is clear from this, as the coordinated group
becomes larger, the number of CQIs that need to be fed back
also becomes much larger. Other than the methods for reduc-
ing the feedback information amount proposed as the
improvement to the method 2 of the present invention, if the
number of macro base stations in the coordinated group is
relatively large, it may be possible to eliminate the need to
feed back relatively-small CQIs or unimportant CQIs thereby
to achieve the objective of reducing the feedback information
amount. For example, the number of CQIs fed back from each
macro user is made smaller than M. In conjunction with this,
in scanning and selecting the state, a state of generally smaller
CQI is abandoned directly and removed from capacity esti-
mation and comparison. Needless to say, a macro user may
feed back 2 CQIs and a pico base station user may feed
back 2* CQIs. In this case, the process of calculation and
updating in the steps 403 and 405 may not be executed.

As a matter to be explained, in the flow illustrated in FIG.
4, the steps 402 and 404 may be executed simultaneously and
the steps 403 and 405 may be executed simultaneously.
Besides, the equations for CQI feedback and CQI updating
provided in the steps 402 to 405 are merely examples, and
may be modified variously in actual application as long as the
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decision macro base station or the control section can obtain
CQIs of each state of the coordinated group.

In addition, each coordinated group composed of three
macro base stations located in the same area in the steps 301
and 401 is as illustrated in FIG. 8a. For example, the locations
of the macro base stations 1, 2 and 3 are the same and at the
center (starting point of each arrow in FIG. 8a), but these three
macro base stations have different antenna directions and
different service areas. These three macro base stations are
formed into one coordinated group. Needless to say, every
three co-located normal base stations form a corresponding
coordinated group. In a heterogeneous network, a plurality of
coordinated groups may be provided. Another configuration
of a coordinate group is illustrated in FIG. 85. Three macro
base stations in unfilled areas can form a coordinated group,
but, they are located differently.

Here, a coordinated group made of two macro base stations
is taken as example. A macro base station 1 covers a pico base
station A and a pico base station B, and a macro base station
2 covers a pico base station C and a pico base station D. As
illustrated in FIG. 9, the coordinated group has at most four
states. These four states can be obtained by combining mute/
non-mute states of the two macro base stations. The state 1 is
such that the macro base station 1 is mute and the macro base
station 2 is mute, the state 2 is such that the macro base station
1 is non-mute and the macro base station 2 is non-mute, the
state 3 is such that the macro base station 1 is mute and the
macro base station 2 is non-mute, and the state 4 is such that
the macro base station 1 is non-mute and the macro base
station 2 is mute.

The process of selecting the macro base station as a deci-
sion macro base station is analogue to the flow illustrated in
FIG. 4. That is, first, the macro base station 2 receives two first
CQIs fed back from a macro user of the own station, performs
updating and obtains CQIs of the states 2 and 3 (that is, where
the macro base station 2 is non-mute). In the same manner, the
pico base station C receives three second CQIs fed back from
apico base station user of the own station, performs updating
and obtains CQIs ofthe states 1 to 4. At this time, the pico base
station C may estimate system capacities of the pico base
station C in the states 1 to 4 and provide them to the macro
base station 2 or it may provide the updated CQIs of the states
1 to 4 to the macro base station 2 directly. The pico base
station D can perform processing similar to that of the pico
base station C. Then, the macro base station 2 utilizes CQIs of
the states 2 and 3 updated in the own station, and further
utilizes CQIs of the states 1 to 4 updated in the pico base
station C and CQIs of the states 1 to 4 updated in the pico base
station D to estimate system capacities of the macro base
station 2 in the states 1 to 4 and provides the system capacities
to the macro base station 1. Needless to say, the macro base
station 2 may utilize CQIs of the states 2 and 3 updated in the
own station and also utilize system capacities of the pico base
station C in the states 1 to 4 and system capacities of the pico
base station D in the states 1 to 4 thereby to estimate system
capacities of the macro base station 1 in the states 1 to 4. Use
of such a method can contribute to reduction in the amount of
information exchange.

The macro base station 1 performs similar processing to
that of the macro base station 2. As a difference point, the
macro base station 1 receives two first CQIs fed back from a
macro user of the own station and then, performs updating to
obtain CQIs of the states 2 and 4 (that is, where the macro base
station 1 is non-mute). The pico base stations A and B perform
similar processing to that of the pico base station C. In this
way, the macro base station 1 can estimate system capacities
of the states 1 to 4 of the macro base station 1.
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Further, the macro base station 1 estimates, as a decision
macro base station, system capacities of the whole coordi-
nated group in the states 1 to 4 based on the system capacities
of'the macro base station 1 in the states 1 to 4 and the system
capacities ofthe macro base station 2 in the states 1 to 4. Then,
the macro base station 1 selects an optimal system capacity
from these four system capacities and sets the mute/non-mute
states of the own station and the macro base station 2. For
example, when the system capacity corresponding to the state
2 is an optimal one, the macro base station 1 is set to non-mute
and the macro base station 2 is set to non-mute, and then, data
transmission is performed. Needless to say, in scanning the
state, a part of the four states may be considered. For example,
comparison may be made about system capacities of three
states.

If the macro base station 1 and the macro base station 2
share one control section, the macro base station 1 provides
system capacities of the own station in the states 1 to 4 to the
control section and the macro base station 2 also provides
system capacities of the own station in the states 1 to 4 to the
control section. The control section estimates system capaci-
ties of the whole coordinated group in the states 1 to 4, selects
an optimal system capacity from these four system capacities
and sets the mute/non-mute states of the macro base station 1
and the macro base station 2.

In a specific embodiment of the present invention, two first
CQIs fed back from a macro user are CQIm,=P,/(ICI+n) and
CQIm,=P,/(ICI+n). In updating the CQIs, taken as an
example of a macro user in the macro base station 1, updated
CQIs corresponding to the following two states (see FIG. 10)
are as follows: 1) when the second macro base station is mute,
CQI=CQIm,, and 2) when the second macro base station is
non-mute, CQI=CQIm,/(CQIm,+1).

In another specific embodiment of the present invention,
two first CQIs fed back from a macro user are CQIm,=P,/
(ICI+n) and CQIm,=P,/(P,+ICI+n). In this case, after receiv-
ing two first CQIs fed back from each macro user, the macro
base station needs not to perform calculation and updating as
the received two first CQIs are CQIs for two states. Specifi-
cally, CQIm, is a CQI where the second macro base station is
mute, while CQIm, is a CQI where the second macro base
station is non-mute.

In a specific embodiment of the present invention, three
second CQIs fed back from a pico base station user are
CQIp,=P,/(ICI+n), CQIp,=P,/(ICI+n), and CQIp,=P,/(ICI+
n). Inupdating CQIs, assuming a pico base station user under
control of the pico base station in the macro base station 1,
updated CQIs corresponding to the following four states are
as follows: 1) when the first and second macro base stations
are all mute, CQI=CQIp,, 2) when the first and second macro
base stations are all non-mute, CQI=CQIp,/(CQIp,+CQIp, +
1), 3) when the first macro base station is mute and the second
macro base station is non-mute, CQI=CQIp,/(CQIp,+1), and
4) when the first macro base station is non-mute and the
second macro base station is mute, CQI=CQIp,/(CQIlp,+1).

In deciding a plurality of states of the coordinated group
per subband, each transmission point estimates system
capacities of different subband mute/non-mute states based
on the updated CQIs and provides the capacity estimation
result to the decision normal base station or control section.
The decision normal base station or control section selects a
subband mute/non-mute state corresponding to the optimal
system capacity and notifies other transmission points of the
transmission decision result. The other transmission points
select CQIs corresponding to the actual transmission state in
accordance with the transmission decision result and perform
scheduling and data transmission.
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The method for coordinating inter-cell interference in
accordance with a subband mute/non-mute state is similar to
those in FIGS. 3 and 4. However, in this method, as compared
with the flow illustrated in FIG. 3, there needs to be change in
the steps 303, 305 and 306, and as compared with the flow
illustrated in FIG. 4, there is change in the steps 406 and 408.

Specifically, as a difference from the step 303, each macro
base station performs prescheduling based on CQIs fed back
from a macro user of the own station and estimate system
capacities of respective subbands of the macro base station in
the non-mute state. As a matter to be explained, each CQI fed
back from the user includes CQI information of the whole
band and CQI information of the subbands. In the following
description, it is assumed that the whole band of each macro
base station is divided into eight subbands.

In the same manner, each pico base station performs pre-
scheduling based on two CQIs fed back from a pico base
station user of the own station and estimates a sum of capaci-
ties of the pico base station user in each of the two states, of
which one is such that three macro base station in the coor-
dinated group are all non-mute in each subband while the
other is such that the three macro base stations are all mute in
each subband. That is, the pico base station needs to estimate
capacities of totally 16 states about the eight subbands of the
three macro base stations, whether each subband is non-mute
or mute for the three macro base stations.

As a difference from the step 305, the decision macro base
station calculates system capacities of two states of mute/
non-mute for each subband of the three macro base stations
and compares them. Then, it makes transmission decision per
subband, that is, sets an actual transmission state of each
subband for all macro base stations in the coordinated group
in accordance with a state of greater capacity and notifies all
the pico base stations and the other two macro base stations in
the coordinated group of the transmission decision result. In
one specific embodiment, the actual transmission state is as
illustrated in FIG. 11a. Here, subbands 1, 5, 6 and 8 of the
three macro base stations are all non-mute and subbands 2, 3,
4 and 7 of the three base stations are all mute.

As a difference from the step 306, the other two macro base
stations select CQIs corresponding to the actual transmission
states in accordance with the transmission decision result and
perform scheduling and data transmission, and all the pico
base stations in the coordinated group select CQIs corre-
sponding to the actual transmission states in accordance with
the transmission decision result and perform scheduling and
data transmission.

Needless to say, eight subbands may be grouped into four
groups, that is, a group 1 of subbands 1 and 2, a group 2 of
subbands 3 and 4, a group 3 of subbands 5 and 6, and a group
4 of subbands 7 and 8, and the mute/non-mute state may be
decided per subband group, though its explanation is omitted
here.

In the flow illustrated in FIG. 4, as a difference from the
step 406, each macro base station performs prescheduling
based on updated CQIs of the four states, estimates a sum of
capacities of the macro user of the eight states of the sub-
bands, and each pico base station performs prescheduling
based on updated CQIs of the eight states and estimates a sum
of capacities of each pico base station user of eight states of
the subbands. For example, each pico base station needs to
estimate totally 64 system capacities of the pico base station
about eight subbands and three macro base stations.

As a difference from the step 408, the decision macro base
station calculates system capacities of respective subbands of
the three macro base stations in the coordinate group in the
eight states and makes transmission decision. Then, it sets the
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actual transmission state of each of the subbands of the three
macro base stations in the coordinated group, in accordance
with the state of high capacity, and provides the transmission
decision result to all the pico base stations and the other two
macro base stations in the coordinated group. In one specific
embodiment, the actual transmission state of the coordinated
group is illustrated in FIG. 114. That is, for the macro base
station 1, the subbands 3, 5, 6 and 8 are non-mute and the
other subbands are mute, for the macro base station 2, the
subbands 1, 3, 5 and 8 are non-mute and for the macro base
station 3, the subbands 1, 2, 6 and 8 are non-mute. The
decision macro base station is able to make decision per
subband. For example, first, it decides the mute/non-mute
state of the three macro base stations in the subband 1, then,
decides the mute/non-mute state in the subband 2, and does
the same in other subbands.

Further, when the number M of macro base stations in the
coordinated group is relatively large (for example, M is 6, 9 or
the like), the method illustrated in FIG. 4 is used as a basis to
associate CQI feedback directly with a coordinated group
state (or, mute/non-mute state). With this structure, it is pos-
sible to avoid updating of CQIs and reduce the actual degree
of complexity. As a matter to be explained, the following CQI
feedback method can be applied to any number M of macro
base stations (M is greater than 1).

Method A: Reduce an Amount of Capacity Estimation by
Simplifying a Coordinated Group State

The following description is made in detail about of the
method A, assuming the number of macro base stations=9.
Specifically, MUE feeds back nine first CQIs corresponding
to nine states. These nine states include the state 0 to state 8.
The state 0 is such that 0 MeNB is mute, the state 1 is such that
one MeNB is mute, the state 2 is such that two MeNBs are
mute, the state 3 is such that three MeNBs are mute, the state
4 is such that four MeNBs are mute, the state 5 is such that five
MeNBs are mute, the state 6 is such that six MeNBs are mute,
the state 7 is such that seven MeNBs are mute, and the state 8
is such that eight MeNBs are mute. PUE feeds back ten
second CQIs corresponding to ten states. These ten states
include the state 9 (that is, nine MeNBs are mute) in addition
to the nine states of which the CQIs are fed back from the
MUE.

Each MUE measures signal strength (for example,
RSRP) P, G=1, 2, . . ., 9) from the j-th MeNB in the nine
MeNBs and values of the signal strength are arranged in
descending numeric order. It can be assumed, for example,
P1>P2> ... >P8>P9.

In one specific embodiment, for MUE of the MeNB1, the
state 0 corresponds to:

9
CQImg = P, /[Z P; +n],
2

and
the state 1 corresponds to:

8
CQImy = P, /[Z P; +n].
2

CQIm determined in this method is a conservative CQI, and
that is, a minimal first CQI in the state 1. As is clear from this,
in the state 1, MUE can determine nine CQls, and
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is the minimal one. In each of all the states 2 to 8, a conser-
vative CQI is fed back and such conservative CQIs are
expressed as follows:

7
CQImy = P, Z Pi+n| (state 2),
=)
6
CQIms = P, Z Pj+n| (state 3),
=2
5
CQImy = P, [Z Pj+n| (state 4),
=2
4
CQIms = P, [Z Pi+n| (state 5),
=)
3
CQIme = P1/ ZPJ- +nr| (state 6),
=2
CQImy = P [ (P2 +n) (state 7), and
CQIlmg =P /n (state 8)

Generally speaking, a CQI corresponding to the i-th coordi-
nated group state may be expressed as follows:

M—i
Pj/[ Z Pj1+n], jell, M—i]

Sl D

(5 e

JI=1

CQIm; =

jeM—-i+1, M]

Here, n denotes interference strength outside the coordinated
group, and P, denotes j1-th signal strength among strength
values arranged in descending order.

For PUE in PeNB within coverage of MeNB1, the PUE
measures signal strength P, (j=1, 2, . .., 9) from the j-th MeNB
in the nine MeNBs. It can be assumed, for example, P1>
P2>...>P8>P9.

The state 0 corresponds to

9
CQIp, = Pp/[z P; +n],
=

the state 1 corresponds to

8
CQIp, :Pp/[ZPj+n], s
1

the state 8 corresponds to CQIpg=P,/(P,+n), and
the state 9 corresponds to CQIpy=P,/n.

The decision MeNB or control section estimates system
capacities in the ten states based on the first CQIs and second
CQIs fed back in the method A, and selects a coordinated
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group state corresponding to the optimal system capacity. In
this case, the system capacity estimated for the i-th coordi-
nated group state is expressed as follows.

Np

Capacity; = ZCP ki ZCM‘J(z =0,1,
=

D k=1-i/9)

In the i-th coordinated group state, i MeNBs are mute. Spe-
cifically, k, denotes an actual rate of non-mute MeNBs in the
i-th coordinated group state, CM, ; denotes a system capacity
of MeNB;j in the i-th coordlnated group state, CP, ;, denotes a
system capacity of PeNB within coverage of MeNB in the
coordinated group, in the i-th coordinated group state, and N,,
denotes the number of all PeNBs in the coordinated group.

As it is only determined depending on the coordinated
group state how may MeNBs in the coordinated group need to
be mute, the decision MeNB or control section designates a
specific mute MeNB at random and provides the decision
result to other MeNBs in the coordinated group thereby to be
able to set the mute/non-mute state of the bandwidth of each
MeNB for data transmission. For example, when the coordi-
nated group state corresponding to the optimal system
capacity is the state 1 (that is, one MeNB is mute), in
specific setting, there are nine possibilities. These nine pos-
sibilities include the state where MeNB1 is mute, MeNB2 is
mute, . . ., MeNB9 is mute. The decision MeNB or control
section can select, at random, the state that MeNB2 is mute,
and make setting.

In another embodiment, when each state of the coordinated
group and the number of mute normal base stations N, are
determined, it may be possible to adopt one selection method
of selecting N, normal base stations from M normal base
stations arbitrarily and make the N, ., normal base stations
mute. The value of N, isany of 1, ..., M-1. For example,
when M=9 and N, is 1, there are totally nine coordinated
group states. These nine coordinated group states include the
state where MeNB1 is mute, the state where MeNB2 is mute,
the state where MeNB9 is mute. As for other values of N, .,
the method of determining the coordinated group state is
similar. MUE decides nine first CQIs. Here, each of the first
CQlIs is related to the signal strength of MeNB which MUE
belongs to, signal strength of other non-mute MeNBs in the
corresponding coordinated group state, and interference
strength outside the coordinated group. PUE decides ten sec-
ond CQIs. Here, each of the second CQlIs is related to signal
strength of the PUE, signal strength of non-mute MeNBs in
the corresponding coordinated group state and interference
strength outside the coordinated group.

Method B: Reduce an Amount of CQI Feedback by Utiliz-
ing Correlation of Change in Mute/Non-Mute State

When the coordinated group state is decided by the number
of mute macro base stations, assuming the number of macro
base stations in the coordinated group is 9, as illustrated in
FIG. 17, if the coordinated group is in the state O at the last
transmission time, the mute/non-mute state possible at the
current feedback time is the state 0 or the state 1. When the
coordinated group is in the state 1 at the last transmission
time, the mute/non-mute state possible at the current feed-
back time is the state 0, the state 1 or the state 2. In other
words, the state 0, the state 1 and the state 2 are both coordi-
nated group states that are able to be shifted from the state 1.
Asthe process can be analogized, explanation is omitted here.

In the like manner, MUE can feed first CQIs at the current
time back to meNB, in accordance with the coordinated group
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state at the last transmission time. PUE also can feed second
CQIs at the current time back to PeNB of the own station, in
accordance with the coordinated group state at the last trans-
mission time. For example, when the coordinated group state
at the last transmission time is the state 1, at the current time,
MUE feeds back:

CQImy :Pl/[ZPj+n A

and PUE feeds back

9

CQIp, =Pp/[ZPj +nl,

J=1

As for the case where the coordinated group states include
any combinations of mute/non-mute states of M macro base
stations, assuming that the number of macro base stations in
the coordinated group is 3, a non-mute macro base station is
indicated by 1 and a mute macro base station is indicated by
0, the eight states in the step 405 are simply expressed as the
state 0 (111), the state 1 (110), the state 2 (100), the state 3
(101), the state 4 (001), the state 5 (000), the state 6 (010), and
the state 7 (011). FIG. 18 illustrates transition of the above-
mentioned coordinated group states. When the coordinated
group state at the last transmission time is the state 1, the
mute/non-mute state possible at the current feedback time
includes the state 1 (where the third macro base station is
mute and the first and second macro base stations are non-
mute) and the state 2 (where the first macro base station is
non-mute and the second and third macro base stations are
mute). PUE feeds second CQIs (that is, CQI=P,/(P1+P2+
ICI+n) or CQI=P,/(P1+ICI+n)) measured at the current time,
back to PeNB of the own station.

Method C: Further Reduce an Amount of CQI Feedback by
Adopting Conservative Feedback Based on the Method A

Assume that the number of macro base stations in the
coordinated group is still 9. In the method A, MUE feeds back
nine first CQIs, and PUE feeds back ten second CQlIs. In the
method C, the nine first CQIs fed back from MUE are
grouped in such a manner that each group includes three first
CQIs. Assume that CQIL,,,, CQL,,, and CQL,,, are formed into
one group. In this group, the minimal first CQI is selected and
fed back to MeNB. This is namely conservative feedback.
The ten second CQls fed back from PUE are grouped in such
a manner that each group includes two second CQIs. For
example, CQL,, and CQl,,, are formed into one group. In this
group, a relatively small second CQI is selected and fed back
to PeNB. By performing the processing of the method C,
MUE feeds three first CQIs back to MeNB and PUE feeds
four second CQIls back to PeNB. As a matter to be explained,
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by performing the conservative feedback with the method C,
it is possible to ensure that UE has a low block error ratio
(BLER) in receiving data.

As a matter to be explained, the method C is applicable to
the flow illustrated in FIG. 4. For example, the three first CQIs
decided by the macro user are CQIm,=P,/(ICI+n),
CQIm,=P,/(ICI+n), and CQIm;=P,;/(ICI+n). Then, the
decided three first CQls are grouped and compared, and the
minimal first CQI is selected from each group and is fed back
to the corresponding macro base station. In a specific embodi-
ment of the present invention, CQIm, representative of a
desired signal is always fed back, while the other two first
CQIs representative of interference are compared as one
group, a relatively small first CQI is selected as representing
signal strength of the macro base stations 2 and 3.

The four second CQIs decided by the pico base station user
are CQlp,=P,/(ICI+n), CQIp,=P,/(ICI+n), CQIp,=P,/(ICI+
n), and CQIp,=P,/(ICT+n). Then, a second CQI to be fed back
to the corresponding pico base station is selected from them.
Specifically, it can be configured that CQIp, representative of
a desired signal is always fed back, while three second CQls
representative of interference are formed into one group, and
aminimal second CQI is selected from them and fed back. Or,
out of three second CQIs representative of interference,
CQlIp, and CQIp; are compared as one group and CQlp, is
formed into one group by itself, and a relatively small value
out of CQIp, and CQlp;, and CQlp, are fed back.

In the above-described plural embodiments (for example,
FIGS. 3, 4 and method A), it may be configured that a user of
a normal base station decides N, first CQIs to feed back
and then, selects n1 stronger first CQIs and feeds them back to
the normal base station. The above-mentioned nl meets
N s>nlz1. Needless to say, it may be also configured that
a user of a low-power node decides N, second CQIs to
feed back and then, selects n2 stronger second CQIs and feeds
them back to the low-power node. The above-mentioned n2
meets N, ,>n2=1.

In the embodiment of the present invention, the mute/non-
mute state can have the following two values. That is, (1)
when the normal base station is mute, transmission power is
0 and no data transmission is performed, the mute/non-mute
state value is 0, and (2) when the normal base station is
non-mute and data transmission is performed with specified
transmission power, the mute/non-mute state value is 1. In
another specific embodiment, the mute/non-mute state can
have a plurality of values. That is, (1) when the transmission
power is 0, the mute/non-mute state value is 0, (2) when data
transmission is performed with specific transmission power,
the mute/non-mute state value is 1, and (3) when data trans-
mission is performed with 50% of specified transmission
power, the mute/non-mute state value is 0.5. As is clear from
this, in a specific embodiment of the present invention, actual
transmission power of the normal base station can be set to
Pxspecified transmission power. A value P of the mute/non-
mute state can be determined by the actual transmission
power. Here, P falls within a range of [0, 1].

Further, the present invention provides a method for coor-
dinating inter-cell interference in a heterogeneous network
(HetNet). The method includes:

a step A2 of forming a first normal base station and a
plurality of low-power nodes within coverage of the first
normal base station in a heterogeneous network into a coor-
dinated group;

a step B2 of a user of the first normal base station measur-
ing signal strength of the first normal base station and one or
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a plurality of interference normal base stations around the
user and feeding back a plurality of corresponding third chan-
nel quality indicators (CQIs);

a step C2 of a user of each of the low-power nodes within
coverage of the first normal base station measuring signal
strength of one or a plurality of normal base stations around
the user and feeding back a plurality of corresponding fourth
CQIs;

a step D2 of estimating capacities of the first normal base
station in mute and non-mute states, based on the third

CQIs and the fourth CQIs, and setting a state of higher
system capacity among them as an actual transmission state
of the first normal base station; and

a step E2 of the first normal base station obtaining actual
transmission states of the interference normal base stations,
deciding an actual CQI corresponding to the actual transmis-
sion state of the first normal base station and the interference
normal base station and performing data scheduling and
transmission in accordance with the actual CQI.

As is clear from this, the coordinated group formed in the
step A2 includes only one normal base station (that is, first
normal base station).

An embodiment of the present invention is as illustrated in
FIG. 12. That is, one MeNB and PeNBs within coverage of
the MeNB cooperate, and MUE and PUE perform multi CQI
feedback. Each user feeds back CQls of surrounding macro
base stations in a plurality of mute/non-mute states. With this
structure, it is possible to, in scheduling, select an appropriate
MCS level based on a CQI corresponding to an actual trans-
mission state, reduce an error bit rate and further increase
system capacities. This contributes to solving the problem of
mismatch between a CQI used in scheduling and a CQI used
in actual transmission. Specifically, the method for coordi-
nating inter-cell interference has the following steps.

In the step 1201, a certain macro base station and pico base
stations within coverage of the macro base station are formed
into a coordinated group.

In the step 1202, a macro user of the macro base station
(called a first macro base station or a macro base station 1)
measures reference signal strength from N interference
macro base stations and feeds back N+1 CQIs.

In one specific embodiment, neighbor macro base stations
can be set in advance as one measurement feedback group.
These macro base stations are mutually-interfering interfer-
ence macro base station. In this case, all macro users under
control of the macro base station 1 feed back CQIs relating
only to the macro base stations in the measured feedback
group.

In another specific embodiment, a macro user can decide
corresponding interference macro base stations based on a
signal measurement result of the own station. Another macro
user may decide different interference macro base stations. In
the following description, it is assumed that N=2 and the
interference macro base stations for a certain macro user are
the second and third macro base stations. In a network situa-
tion for performing CQI feedback, when itis assumed that the
second and third macro base stations are both mute, CQIs fed
back from the macro user include one actual CQI=P /(ICI+
n)) and two CQIs reflecting signals of the interference macro
base stations (CQIm,=P,/(ICI+n), CQIm;=P,/(ICI+n)).

Here, P, represents signal strength received from a serving
macro base station by a macro user and P, and P; represent
signal strength received from corresponding macro base sta-
tions by the macro user. ICI represents interference strength
received other than the signals from the interference macro
base stations and the serving macro base station, and n rep-
resents a heat noise. Specifically, ICI may be actual interfer-
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ence strength determined by the macro user based on the
actual mute/non-mute state of the macro base stations other
than the interference macro base stations and the serving
macro base station or may be estimated interference strength
measured assuming that all other macro base stations are in
the non-mute state.

In the step 1203, a pico base station user of a pico base
station within coverage of the first macro base station mea-
sures reference signal strength from M macro base stations
and feeds back M+1 CQIs.

For example, for the pico base station user, a macro base
station which becomes interference for the user is the first
macro base station. Assuming that as a network situation for
performing CQI feedback, the first macro base station is
non-mute, the feedback CQIs include CQIp,=P,/(P, +ICI+n)
and CQlp,=P /(ICI+n). Needless to say, the second and third
macro base stations may be macro base stations interfering
with the pico base station user. That is, the pico base station
user determines a macro base station that interferes with the
user based on the signal measurement result of the own sta-
tion and feeds back corresponding CQlIs.

In the step 1204, the first macro base station performs
prescheduling based on the feedback CQIs and estimates a
sum of capacities of macro users where the macro base station
is non-mute. Each pico base station within coverage of the
first macro base station performs prescheduling based on
CQIs of the macro base station in mute and non/mute states,
estimates sums of capacities of pico base station users in the
two states and transmits the capacity estimation result to the
first macro base station. The first macro base station compares
system capacities of the own station in mute/non-mute states,
selects a state of relatively large capacity and sets the state as
an actual transmission state.

In the step, the first macro base station decides the actual
transmission state in accordance with the system capacity of
the own station and needs not to consider system capacities of
other macro base stations. As a matter to be explained, the
second and third macro base stations can perform processing
similar to the above-mentioned performance, and its expla-
nation is omitted here.

In the step 1205, neighbor macro base stations exchange
the decided actual transmission state.

In the step 1206, the first macro base station performs
scheduling and data transmission in accordance with the
actual transmission state of the own station and surrounding
macro base stations.

Specifically, in actual scheduling, a transmission point first
updates CQIs of respective users, and then, selects an MCS
level by using CQIs corresponding to actual transmission
states of the surrounding macro base stations.

For example, a macro user under control of the first macro
base station feeds back three CQIs. As for actual transmission
states of surrounding macro base stations, when the second
and third macro base stations are all mute, scheduling is
performed using CQIm,=P,/(ICI+n) directly fed back from
the macro user. As for the actual transmission states of the
surrounding macro base stations, when the second and third
macro base stations are all non-mute, CQI is updated to obtain
CQI=CQIm,/(CQIm;+CQIm,+1), and this updated value is
used to perform actual scheduling. As for the actual transmis-
sion states of the surrounding macro base stations, when the
second macro base station is mute and the third macro base
station is non-mute, CQI is updated to obtain CQI=CQIm,/
(CQIm;+1). As for the actual transmission states of the sur-
rounding macro base stations, when the second macro base
station is non-mute and the third macro base station is mute,
CQI is updated to obtain CQI=CQIm,/(CQIm,+1).
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A pico base station user of a pico base station within
coverage of the first macro base station feeds back two CQlIs.
In this case, when the actual transmission state of the first
macro base station is the non-mute state, it uses fed-back
CQl,, as it is and performs actual scheduling. When the
actual transmission state of the first macro base station is the
mute state, it uses fed-back CQL,, as it is and performs actual
scheduling.

As a matter to be explained, the CQI feedback equations in
the steps 1202 and 1203 are presented merely as examples.
The CQI feedback equations may be modified variously as far
as thy include information about signal strength of the serving
macro base station and/or signal strength of interference
macro base stations. Besides, in the step 1204, itis possible to
make capacity estimation directly with use of CQIs fed back
from users. Accordingly, the processing of updating CQls
may be performed after decision of the actual transmission
state. And, it is also possible to determine whether it is nec-
essary to update CQIs or not, in accordance with the actual
transmission state. For example, the fed-back CQIm, can be
used directly in actual scheduling. In such a case, there is no
need to update the CQI. Further, in the step 1206, it has only
to obtain one CQI corresponding to the actual transmission
state by updating the CQIs. As compared with the steps 403
and 405, it is possible to reduce an amount of calculation for
CQI updating.

Further, the present invention provides a method for coor-
dinating inter-cell interference in a heterogeneous network
(HetNet). The method includes:

a step A3 of forming M transmission points into a coordi-
nated group (M is greater than 1), the transmission points
including one or a plurality of normal base stations and low-
power nodes within coverage of each of the normal base
stations in a heterogeneous network;

a step B3 of combining mute/non-mute states of band-
widths of the M transmission points to obtain a plurality of
states of the coordinated group;

a step C3 of a user of each of the transmission points in the
coordinated group feeding at least one channel quality indi-
cator (CQI) corresponding to the states of the coordinated
group to the transmission point;

a step D3 of making capacity estimation of the coordinated
group based on the fed-back CQI to obtain system capacities
corresponding to the respective states of the coordinated
group; and

a step of E3 of setting the mute/non-mute states of the
bandwidths of the M transmission points in accordance with
a coordinated group state corresponding to an optimal system
capacity to perform data transmission.

As is clear from this, according to the method, in forming
the coordinated group, normal base stations and low-power
nodes in the heterogeneous network are equated with each
other so that each low-power nodes has two states of mute and
non-mute or a plurality of mute/non-mute states correspond-
ing to adjustable transmission power.

In a specific embodiment of the present invention, the
plural states of the coordinated group in the step B3 include
any combinations of mute/non-mute states of the M transmis-
sion points. In this case, in the step C3 mentioned above, each
user of each of the transmission points decides M CQIs and
each of'the CQIs is related to signal strength of the transmis-
sion point and interference strength outside the coordinated
group.

In another specific embodiment of the present invention,
the plural states of the coordinated group in the step B3 are
determined by the number of transmission points in the mute
state and the number of mute transmission points correspond-
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ing to the i-th coordinated group state is 1 (i=0, 1, ..., M-1).
In this case, in the step C3, each user of each of the transmis-
sion points decides M CQIs and each of the CQIs is related to
the signal strength of the transmission point to which the user
belongs, signal strength of other non-mute transmission
points in the i-th coordinated group state and interference
strength outside the coordinated group.

In another specific embodiment of the present invention,
each state of the coordinated group in the step B3 corresponds
to one of such states that the number N, ., of transmission
points in the mute state is decided, N, transmission points
are selected arbitrarily from the M transmission points and
made mute. The value of N, is any one of 1, ..., M-1. In
this case, in the step C3, each user of each of the transmission
points decides M CQIs and each of the CQIs is related to the
signal strength of the transmission point to which the user
belongs, signal strength of other non-mute transmission
points in the corresponding coordinated group state and inter-
ference strength outside the coordinated group.

As a matter to be explained, the present invention is not
limited to the above-mentioned coordinated group states, but
may be any combination of coordinated group states. For
example, each coordinated group state is mainly decided by
the number of transmission points in the mute state and for a
specific N, ..., the specific mute/non-mute states of the trans-
mission points are regarded as one coordinated group state. In
a specific embodiment, the coordinated group states include
the state where MeNB1 is mute (one of the cases where one
transmission point is mute), the state where MeNB2 is mute
(another of the cases where one transmission point is mute),
the state where two transmission points are mute, . . . , the state
where M-1 transmission points are mute.

To sum up, all the solving means (for example, decision of
a mute/non-mute state per subband group of the normal base
stations as a fundamental unit, transmission decision per-
formed by the control section or the decision macro base
station, and the like) proposed in the above-described plural
embodiments (for example, see FIGS. 3 and 4 and methods A
to C, etc.) where the normal base stations are only considered
as to the closed state while the low-power nodes are always
open in the non-mute state are applicable to a method for
coordinating interference where normal base station and low-
power node are equated with each other. There is no need to
perform special processing for the low-power node, and there
is only need to extend the processing for the normal base
stations to all the transmission points in the coordinated
group.

Further, each heterogeneous network provided in one
embodiment of the present invention includes has at least one
coordinated group composed of M (greater than 1) normal
base stations and low-power nodes covered by each of the
normal base stations, where one of the normal base stations is
determined to be a decision normal base station and normal
base stations other than the decision normal base station are
other normal base stations. Here, at least one normal base
station in the coordinated group covers one or a plurality of
low-power nodes.

Each of the normal base stations in the coordinated group
receives at least one first channel quality indicator (CQI)
corresponding to a plural states of the coordinated group fed
back from a user of own station to the normal base station, the
states of the coordinated group being obtained by combina-
tion of mute/non-mute states of bandwidth of the M normal
base stations;

each low-power node covered by the normal base stations
in the coordinated group receives one or more second CQls
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corresponding to the plural states of the coordinated group
fed back from each user of own station to the low-power node;
and

the decision normal base station uses the at least one first
CQI and the one or more second CQIs as a basis to make
capacity estimation of the coordinated group, obtains a plu-
rality of system capacities corresponding to the respective
states of the coordinated group and sets the mute/non-mute
states of the bandwidths of the M normal base stations in
accordance with a state of the coordinated group correspond-
ing to an optimal system capacity thereby to perform data
transmission.

In one specific embodiment, the each low-power node
performs calculation and updating of the one or more second
CQIs fed back from the user of own station, uses the updated
CQIs as a basis to make capacity estimation of the low-power
node, and provides a capacity estimation result of the low-
power node corresponding to the plural states of the coordi-
nated group, to the normal base station that covers the low-
power node.

Each of the other normal base stations uses the at least one
first CQI fed back from the user of own station and the
capacity estimation result of the low-power node covered by
the other normal base station as a basis to make capacity
estimation of the other normal base station and provides a
capacity estimation result of the other normal base station
corresponding to the plural states of the coordinated group to
the decision normal base station.

The decision normal base station uses the at least one first
CQI fed back from the user of own station and the capacity
estimation result of the low-power node covered by the deci-
sion normal base station as a basis to make capacity estima-
tion of the decision normal base station, makes capacity esti-
mation of the coordinated group based on the capacity
estimation result of each of the normal base stations and
obtains system capacities corresponding to the plural states of
the coordinated group.

FIG. 13 is a view illustrating the structure of a heteroge-
neous network of the present invention. The coordinated
group includes three normal base stations of MeNBI1,
MeNB2 and MeNB3. Here, it is assumed that MeNB1 is a
decision normal base station. MUE illustrated in FIG. 13 is a
macro user of MeNB1, PeNB is a low-power node covered by
MeNB1, and PUE is a low-power node user of PeNB. The
processing executed by PUE, MUE, PeNB and MeNB can be
seen from the flow illustrated in FIG. 3.

Specifically, each MUE includes a channel estimating
module and a CQI feedback module. The CQI feedback mod-
ule provides one CQI to a capacity estimating module of
MeNBI1. Each PUE also includes a channel estimating mod-
ule and a CQI feedback module, and the CQI feedback mod-
ule provides two CQIs to a CQI processing module of PeNB.

Each PeNB includes a CQI processing module, a schedul-
ing module and a transmitter. MeNB1 includes a capacity
estimating module, a consolidated decision module, a sched-
uling module and a transmitter. Each of MeNB2 and MeNB3
includes a capacity estimating module, a scheduling module
and a transmitter.

The CQI processing module of PeNB estimates a system
capacity of PeNB based on two CQIs fed back from PUE and
transmits the estimated system capacity to the capacity esti-
mating module of MeNB1. Needless to say, after receiving
two CQI fed back from PUE, the CQI processing module of
PeNB may provide the two CQIs directly to the capacity
estimating module of MeNB1 without making corresponding
capacity estimation.
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The capacity estimating module of MeNB1 estimates a
system capacity of MeNB1 based on the one CQI fed back
from MUE and information provided from the CQI process-
ing module and provides it to the consolidated decision mod-
ule.

The consolidated decision module of MeNBI1 receives the
system capacities of MeNB2 and MeNB3 provided from the
capacity estimating modules of MeNB2 and MeNB3, respec-
tively, and also receives the system capacity of MeNB1. Then,
in accordance with a state corresponding to an optimal system
capacity, the consolidated decision module decides the mute/
non-mute states of the three MeNBs and notifies the sched-
uling modules of MeNB1, MeNB2 and MeNB3 and the
scheduling module of PeNB of the decision result.

Specifically, the capacity estimating module of MeNB2 or
MeNB3 obtains the system capacity of the own station based
on information provided by the pico base station of the own
station (it may be CQI fed back from the pico base station user
or the system capacity of the pico base station) and a CQI fed
back from the macro user.

FIG. 14 is a view illustrating the structure of another het-
erogeneous network of the present invention, which is funda-
mentally similar to the structure illustrated in FIG. 13. As
different points, each of MeNB1, MeNB2 and MeNB3
includes a CQI updating module configured to update three
CQIs fed back from MUE of own station, for capacity esti-
mation, and likewise, a CQI processing module of PeNB
further includes a CQI updating function of being able to
update four CQIs fed back from PUE into eight CQIs in
one-to-one correspondence with the states of the coordinated
group for capacity estimation. Specifically, the processing
executed by PUE, MUE, PeNB and MeNB in FIG. 14 can be
seen from the flow illustrated in FIG. 4.

When the number M of macro base stations is relatively
larger, M first CQIs fed back from MUE can be made to
correspond to the M states of the coordinated group. The
different states of the coordinated group have different num-
bers of mute-state macro base stations, and in each state of'the
coordinated group, it is not noted which macro base station is
mute. For example, if there are six macro base stations, the
case where the macro base stations 1 to 4 in the coordinated
group are mute and the case where the macro base stations 2
to 5 are mute belong to the same state of the coordinated
group. In the same manner, M+1 second CQIs fed back from
PUE are made to correspond to M+1 states of the coordinated
group. In such a case, after receiving feedback CQls, MeNB
or PeNB does not need to update CQIs. That is, the CQI
feedback module of MUE in FIG. 13 feeds the M first CQls
corresponding to the M states of the coordinated group back
to the capacity estimating module of MeNB1, and the CQI
feedback module of PUE feeds the M+1 second CQIs corre-
sponding to the M+1 states of the coordinated group back to
the CQI processing module of PeNB so as to estimate a
system capacity of PeNB, while it does not have to update the
CQIs.

Further, a heterogeneous network provided by another
embodiment of the present invention includes at least one
coordinated group composed of M (greater than 1) normal
base stations and low-power nodes covered by each of the
normal base stations and a control section shared by the M
normal base stations. Here, at least one of the normal base
stations in the coordinated group covers one or a plurality of
low-power nodes.

Each of the normal base stations in the coordinated group
receives at least one first channel quality indicator (CQI)
corresponding to a plurality of states of the coordinated group
fed back from a user of own station to the normal base station,
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the states of the coordinated group being such as obtained by
combination of mute/no-mute states of the bandwidths of the
M normal base stations.

Each of the low-power nodes covered by the normal base
stations in the coordinated group receives one or more second
CQIs corresponding to the plural states in the coordinated
group fed back from a user of own station to the low-power
node.

The control section uses the at least one first CQI and the
one or more second CQIs as a basis to make capacity estima-
tion of the coordinated group, obtains a plurality of system
capacities corresponding to the plural states of the coordi-
nated group and sets the mute/non-mute states of the band-
widths of the M normal base stations in accordance with a
state of the coordinated group corresponding to an optimal
system capacity.

In a specific embodiment, each of the low-power nodes
performs calculation and updating on the one or more second
CQIs fed back from a user of the own station, estimates
capacities of the low-power nodes using updated CQIs and
provides a capacity estimation result of the low-power node in
the plural states of the coordinated group to the normal base
station that covers the low-power node.

Each normal base station performs calculation and updat-
ing on the at least one first CQI fed back from a user of the own
station, estimates capacities of the normal base stations using
updated CQIs and the capacity estimation result of the low-
power node covered by the normal base station, and provides
a capacity estimation result of the normal base station in the
plural states of the coordinated group to the control section.

The control section makes capacity estimation of the coor-
dinated group based on the capacity estimation result of each
normal base station and obtains plural system capacities cor-
responding to the respective states of the coordinated group.

FIG. 15 is a view illustrating the structure of another het-
erogeneous network of the present invention. The coordi-
nated group has three normal base stations (RRE1, RRE2 and
RRE3), and a control section shared by these three RREs. It is
assumed that RRE1, RRE2, RRE3 and the control section
form one complete large base station. Each of the RREs has
its own MUE and PeNB covered by itself. PUE is a pico base
station user of PeNB. MUE, PUE and PeNB are configured
such as illustrated in FI1G. 13, and their explanation is omitted
here. As different points, each RRE includes a capacity esti-
mating module and a transmitter, and the control section has
a consolidated decision module and a scheduling module.
The capacity estimating module of each RRE provides a
system capacity of RRE to the consolidated decision module,
and the consolidated decision module decides a decision
result and then instructs the scheduling module in the control
section and the scheduling module in PeNB to perform user
scheduling in accordance with the CQIs corresponding to
actual transmission states. The processing executed by PUE,
MUE, PeNB and RRE can be seen from the flow illustrated in
FIG. 3.

FIG. 16 is a view illustrating the configuration of another
heterogeneous network of the present invention, which is
fundamentally similar to the structure illustrated in FIG. 15.
As different points, each RRE further includes a CQI updat-
ing module configured to update three CQIs fed back from
MUE of own station so as to make capacity estimation, and a
CQI processing module of PeNB also has a CQI updating
function ofupdating four CQIs fed back from PUE to be eight
CQIs in one-to-one correspondence with the states of the
coordinated group for capacity estimation. The processing
executed by PUE, MUE, PeNB and RRE canbe seen from the
flow illustrated in FIG. 4.
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The above description has been made only of the preferable
embodiments of the present invention and is not intended to
limit the protective scope of the present invention. It should be
noted that various modifications, equivalent replacement and
improvements made in the spirit and principle of the present
invention fall within the scope of protection the present inven-
tion.

The disclosure of Chinese Patent Application No.
201110204385.X, filed on Jul. 13, 2011, Chinese Patent
Application No. 201110218060.7, filed on Jul. 26, 2011, and
Chinese Patent Application No. 201110265826.7, filed on
Aug. 26, 2011, including the specification, drawings, and
abstract, is incorporated herein by reference in its entirety.

The invention claimed is:

1. A method for coordinating inter-cell interference in a

heterogeneous network (HetNet), comprising:

a step A of forming M macro base stations (M is greater
than 1) and low-power nodes within coverage of the
respective macro base stations in the heterogeneous net-
work into a coordinated group;

a step B of combining mute/non-mute states of bandwidths
of the M macro base stations to obtain a plurality of
states of the coordinated group;

a step C of a user equipment of each of the macro base
stations in the coordinated group, feeding at least one
first channel quality indicator (CQI) corresponding to
the states of the coordinated group back to the macro
base station;

a step D of a user equipment of each of the low-power
nodes covered by the macro base stations in the coordi-
nated group, feeding one or more second CQIs corre-
sponding to the states of the coordinated group back to
the low-power node;

a step E of using the at least one first CQI and the one or
more second CQIs as abasis to make capacity estimation
of the coordinated group and obtaining a plurality of
system capacities corresponding to the respective states
of the coordinated group; and

a step F of setting the mute/non-mute states of the band-
widths of the M macro base stations in accordance with
a state of the coordinated group corresponding to an
optimal system capacity so as to perform data transmis-
sion, wherein

the plurality of states of the coordinated group in the step B
include a state where the M macro base stations are all
non-mute and a state where the M macro base stations
are all mute.

2. The method of claim 1, wherein

in the step C, the user equipment of the macro base station
feeds back the first CQI of the state where the M macro
base stations are all non-mute,

in the step D, the user equipment of the low-power node
feeds back two second CQIs of the state where the M
macro base stations are all non-mute and the state where
the M macro base stations are all mute, and

the first CQI and the second CQIs are all related to inter-
ference strength outside the coordinated group.

3. The method of claim 1, wherein

the states of the coordinated group in the step B include any
combinations of the mute/non-mute states of the M
macro base stations,

in the step C, the user equipment of each of the macro base
stations decides M first CQls, the first CQIs being
related to signal strength of j-th (j=1, 2, . . . , M) macro
base stations and interference strength outside the coor-
dinated group, and
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in the step D, the user equipment of each of the low-power
nodes decides M+1 second CQIs, the second CQIs being
related to signal strength of the low-power node, signal
strength of the respective macro base stations in the
coordinated group and the interference strength outside
the coordinated group.

4. The method of claim 3, wherein the step E comprises:

each of the macro base stations in the coordinated group
updating the M first CQIs fed back from the user equip-
ment of each of the macro base stations to be CQIs in
one-to-one correspondence with the mute/non-mute
sates of any combinations of the mute/non-mute states
of other macro base stations in the coordinated group;

each of the low-power nodes updating the M+1 second
CQIs fed back from the user equipment of each of the
low-power nodes to be CQIs in one-to-one correspon-
dence with the states of the coordinated group; and

estimating the system capacities of the coordinated group
in the respective states based on the updated CQlIs.

5. The method of claim 1, wherein

the states of the coordinated group in the step B are deter-
mined by a number of mute macro base stations and the
number of mute macro base stations corresponding to an
i-th state of the coordinated group is i (i=0, 1, .. ., M),

in the step C, the user equipment of each of the macro base
stations decides M first CQIs and an i-th first CQI (i=0,
1, ..., M-1) is related to signal strength of the macro
base station to which the user equipment belongs, signal
strength of another non-mute macro base station in the
i-th state of the coordinated group and interference
strength outside the coordinated group;

in the step D, the user equipment of each of the low-power
nodes decides M+1 second CQIs and an i-th second CQI
(i=0, 1, . . . , M) is related to signal strength of the
low-power node, the signal strength of the non-mute
macro base station in the i-th state of the coordinated
group, and the interference strength outside the coordi-
nated group.

6. The method of claim 5, wherein

the i-th first CQI is a minimal CQI in the i-th state of the
coordinated group measured by the user equipment of
the macro base station, and

the i-th second CQI is a minimal CQI in the i-th state of the
coordinated group measured by the user equipment of
the low-power node.

7. The method of claim 1, wherein

each of the states of the coordinated group in the step B
corresponds to one of selections by, once a number
N, of mute macro base stations is decided, selecting
N_,s. macro base stations arbitrarily from the M macro
base stations and making the N, ., macro base stations
mute, a value of N, being any of 1,. .., M-1,

in the step C, the user equipment of each of the macro base
stations decides M first CQIs, each of the first CQIs
being related to signal strength of the macro base station
to which the user equipment belongs, signal strength of
another non-mute macro base station in the correspond-
ing state of the coordinated group, and interference
strength outside the coordinated group, and

in the step D, the user equipment of each of the low-power
nodes decides M+1 second CQIs, the second CQIs being
related to signal strength of the low-power node, signal
strength of non-mute macro base stations in the corre-
sponding state of the coordinated group, the interference
strength outside the coordinated group.
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8. The method of claim 3, wherein

the step C further comprises the user equipment of each of
the macro base stations feeding the determined M first
CQIs back to the macro base station, and the step D
further comprises the user equipment of each of the
low-power nodes feeding the determined M+1 second
CQIs back to the low-power node, or

the step C further comprises the user equipment of each of
the macro base stations grouping and comparing the
determined M first CQlIs, selecting a minimal first CQI
from each group and feeding the first CQI back to the
macro base station, and the step D further comprises the
user equipment of each of the low-power nodes group-
ing and comparing the determined M+1 second CQIs,
selecting a minimal second CQI from each group and
feeding the second CQI back to the low-power node.

9. The method of claim 2, wherein the interference strength
outside the coordinated group is actual interference strength
measured with actual mute/non-mute states of macro base
stations outside the coordinated group by a corresponding
user equipment, or estimated interference strength measured
by the corresponding user equipment assuming the macro
base stations outside the coordinated group are all non-mute.

10. The method of claim 1, wherein

the step C further comprises the user equipment of each of

the macro base stations assuming a plurality of states of
the coordinated group shiftable from a state of the coor-
dinated group at a last transmission time as the states of
the coordinated group at a current feedback time and
feeding first CQIs corresponding to the states of the
coordinated group at the current feedback time back to
the macro base station, and

the step D further comprises the user equipment of each of

the low-power nodes assuming a plurality of states ofthe
coordinated group shiftable from the state of the coor-
dinated group at the last transmission time as the states
of the coordinated group at the current feedback time
and feeding second CQIs corresponding to the states of
the coordinated group at the current feedback time back
to the low-power node.

11. The method of claim 1, wherein

the step C further comprises the user equipment of each of

the macro base stations deciding N .., first CQIs to feed
back, selecting strongestn1 (n1 meets N, ,, >n1=1) first
CQI from the N, first CQIs and feeding the strongest
n1 first CQI back to the macro base station, and

the step D further comprises the user equipment of each of

the low-power nodes deciding N, second CQIs to
feed back, selecting strongest n2 (n2 meets
N »>n2=21) second CQI from the N, ,, second CQls
and feeding the strongest n2 second CQI back to the
low-power node.

12. The method of claim 1, wherein the step B further
comprises dividing a whole band of each of the macro base
stations into K subband groups (K is greater than 1), each of
the subband groups including one or a plurality of subbands,
and combining the mute/non-mute states of the M macro base
stations in each of the subband groups to obtain the states of
the coordinated group.

13. The method of claim 1, wherein

the step A further comprises providing a control section

configured to be shared by the M macro base stations,
and

the step E further comprises:

one of each ofthe low-power nodes, amacro base station
that covers the low-power node and the control sec-
tion, using the one or more second CQIs fed back
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from the user equipment of the low-power node as a
basis to make capacity estimation of the low-power
node in the states,

the macro base station or the control section, using the at
least one first CQI fed back from the user equipment
of the macro base station and a capacity estimation
result of the low-power node covered by the macro
base station as a basis to make capacity estimation of
the macro base station in the states of the coordinated
group, and

the control section using the capacity estimation result
of each of the macro base stations as a basis to make
capacity estimation of the coordinated group and
obtain the system capacities corresponding to the
states of the coordinated group.

14. The method of claim 1, wherein

the step A further comprises selecting a decision macro

base station from the M macro base stations and setting
each macro base station other than the decision macro
base station to be another macro base station, and

the step E further comprises:

one of each of the low-power nodes, a macro base station
that covers the low-power node and the decision
macro base station, using the one or more second
CQIs fed back from the user equipment of the low-
power node as a basis to make capacity estimation of
the low-power node in the states,

the other macro base station or the decision macro base
station, using the at least one first CQI fed back from
the user equipment of the other macro base station and
a capacity estimation result of the low-power node
covered by the other macro base station as a basis to
make capacity estimation of the other macro base
station in the states of the coordinated group, and

the decision macro base station using the at least one first
CQI fed back from the user equipment of the decision
macro base station and a capacity estimation result of
the low-power node covered by the decision macro
base station as a basis to make capacity estimation of
the decision macro base station in the states of the
coordinated group and using a capacity estimation
result of each of the macro base stations as a basis to
make capacity estimation of the coordinated group
and obtain the system capacities corresponding to the
states of the coordinated group.

15. The method of claim 1, wherein in the step F, an actual
CQI is decided corresponding to the state of the coordinated
group of the optimal system capacity and data scheduling and
transmission is performed in accordance with the actual CQI.

16. The method of claim 1, further comprising:

deciding a degree of importance of the first CQI or the

second CQIs;
setting a feedback cycle of each of the first CQI and the
second CQIs in accordance with the degree of impor-
tance in such a manner that the feedback cycle of a CQI
of'higher degree of importance is short and the feedback
cycle of a CQI of lower degree of importance is long; or

using the CQI ofhigher degree of importance as areference
CQI to send feedback directly to a corresponding trans-
mission point and to send a difference between the ref-
erence CQI and the CQI of lower degree of importance
as feedback to a corresponding transmission point.

17. The method of claim 1, wherein the step A further
comprises forming M macro base stations co-located in the
heterogeneous network and corresponding low-power nodes
into the coordinated group or forming neighbor M macro base
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stations in the heterogeneous network and corresponding
low-power nodes into the coordinated group.

18. The method of claim 1, further comprising:

calculating actual transmission power of the macro base
stations as P (P falls within [0, 1])xspecified transmis-
sion power and deciding the mute/non-mute state based
on the actual transmission power.

19. A heterogeneous network comprising:

at least one coordinated group including M macro base
stations (M is greater than 1) and low-power nodes
within coverage of the respective macro base stations;
and

a control section configured to be shared by the M macro
base stations, wherein at least one macro base station of
the macro base stations in the coordinated group covers
one or a plurality of low-power nodes,

each of the macro base stations in the coordinated group
receives at least one first channel quality indicator (CQI)
corresponding to a plurality of states of the coordinated
group fed back from a user equipment of each of the
macro base stations to the macro base station, the states
of the coordinated group being obtained by combining
mute/non-mute states of bandwidths of the M macro
base stations,

each of the low-power nodes covered by the respective
macro base stations in the coordinated group receives
one or more second CQIs corresponding to the states of
the coordinated group fed back from a user equipment of
each of the low-power nodes to the low-power node, and

the control section uses the at least one first CQI and the
one or more second CQIs as a basis to make capacity
estimation of the coordinated group, obtains a plurality
of system capacities corresponding to the respective
states of the coordinated group, and sets the mute/non-
mute states of the bandwidths of the M macro base
stations in accordance with a state of the coordinated
group corresponding to an optimal system capacity so as
to perform data transmission, wherein

the plurality of states of the coordinated group include a
state where the M macro base stations are all non-mute
and a state where the M macro base stations are all mute.

20. The heterogeneous network of claim 19, wherein

each of the low-power nodes performs calculation and
updating of the one or more second CQIs fed back from
the user equipment of each of the low-power nodes, uses
the updated CQIs as a basis to make capacity estimation
of the low-power node and provides a capacity estima-
tion result of the low-power node in the states of the
coordinated group to the macro base station that covers
the low-power node,

each of the macro base stations performs calculation and
updating of the at least one first CQI fed back from the
user equipment of each of the macro base stations, uses
the updated CQI and the capacity estimation result ofthe
low-power node covered by the macro base station as a
basis to make capacity estimation of the macro base
station and provides a capacity estimation result of the
macro base station in the states of the coordinated group
to the control section, and

the control section uses the capacity estimation result of
each of the macro base stations as a basis to make capac-
ity estimation of the coordinated group and obtains the
system capacities corresponding to the respective states
of the coordinated group.
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21. A heterogeneous network comprising:

at least one coordinated group including M macro base
stations (M is greater than 1) and low-power nodes
within coverage of the respective macro base stations,
wherein

one of the macro base stations is a decision macro base
station and each macro base station other than the deci-
sion macro base station is another macro base station,

at least one macro base station of the macro base stations in
the coordinated group covers one or a plurality of low-
power nodes,

each of the macro base stations in the coordinated group
receives at least one first channel quality indicator (CQI)
corresponding to a plurality of states of the coordinated
group fed back from a user equipment of each of the
macro base stations to the macro base station, the states
of the coordinated group being obtained by combining
mute/non-mute states of bandwidths of the M macro
base stations,

each of the low-power nodes covered by the respective
macro base stations in the coordinated group receives

one or more second CQIs corresponding to the states of
the coordinated group fed back from a user equipment of

each of the low-power nodes to the low-power node, and

the decision macro base station uses the at least one first
CQIl and the one or more second CQIs as a basis to make
capacity estimation of the coordinated group, obtains a
plurality of system capacities corresponding to the
respective states of the coordinated group, and sets the
mute/non-mute states of the bandwidths of the M macro
base stations in accordance with a state of the coordi-
nated group corresponding to an optimal system capac-
ity so as to perform data transmission, wherein

the plurality of states of the coordinated group include a
state where the M macro base stations are all non-mute
and a state where the M macro base stations are all mute.

22. The heterogeneous network of claim 21, wherein

each of the low-power nodes performs calculation and
updating of the one or more second CQIs fed back from
the user equipment of each of the low-power nodes, uses
the updated CQIs as a basis to make capacity estimation
of the low-power node and provides a capacity estima-
tion result of the low-power node in the states of the
coordinated group to the macro base station that covers
the low-power node,

the other macro base station uses the at least one first CQI
fed back from the user equipment of other macro base
station and the capacity estimation result of the low-
power node covered by the other macro base station as a
basis to make capacity estimation of the other macro

base station and provides a capacity estimation result of

the other macro base station in the states of the coordi-
nated group to the decision macro base station, and

the decision macro base station uses the at least one first
CQI fed back from a user equipment of decision macro
base station and a capacity estimation result of a low-
power node covered by the decision macro base station
as a basis to make capacity estimation of the coordinated
group and obtains the system capacities corresponding
to the respective states of the coordinated group.

23. A method for coordinating inter-cell interference in a

heterogeneous network (HetNet), comprising the steps of:
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a step A3 of forming M transmission points (M is greater
than 1) into a coordinated group, each of the M trans-
mission points including one or a plurality of macro base
stations and low-power nodes covered by the respective
macro base stations;

a step B3 of combining mute/non-mute states of band-
widths of the M transmission points to obtain a plurality
of states of the coordinated group;

a step C3 of a user equipment of each of the transmission
points in the coordinated group feeding at least one
channel quality indicator (CQI) corresponding to the
states of the coordinated group, back to the transmission
point;

a step D3 of making capacity estimation of the coordinated
group based on the fed-back CQI to obtain a plurality of
system capacities corresponding to the respective states
of the coordinated group; and

a step E3 of setting the mute/non-mute states of the band-
widths of the M transmission points in accordance with
a state of the coordinated group corresponding to an
optimal system capacity so as to perform data transmis-
sion, wherein

the plurality of states of the coordinated group in the step
B3 include a state where the M macro base stations are
all non-mute and a state where the M macro base stations
are all mute.

24. The method of claim 23, wherein

the states of the coordinated group in the step B3 include
any combination of the mute/non-mute states of the M
transmission points, and

inthe step C3, a user equipment of each of the transmission
points decides M CQIs and each of the CQlIs is related to
signal strength of the corresponding transmission point
and interference strength outside the coordinated group.

25. The method of claim 23, wherein

the states of the coordinated group in the step B3 are
decided by a number of mute transmission points and the
number of mute transmission points corresponding to an
i-th state of the coordinated group is 1 (i=0, 1, . . ., M-1),
and

in the step C3, the user equipment of each of the transmis-
sion points decides M CQIs and each of the CQIs is
related to signal strength of the transmission point to
which the user equipment belongs, signal strength of
another non-mute transmission point in the i-th state of
the coordinated group and interference strength outside
the coordinated group.

26. The method of claim 23, wherein

each of the states of the coordinated group in the step B3
corresponds to one of selections by, once a number
N, of mute transmission points is decided, selecting
N_se transmission points arbitrarily from the M trans-
mission points and making the N, . transmission
points mute, a value of N being any of 1, ..., M-1,
and

in the step C3, the user equipment of each of the transmis-
sion points decides M CQIs, each of the CQIs being
related to signal strength of the transmission point to
which the user equipment belongs, signal strength of
another non-mute transmission point in the correspond-
ing state of the coordinated group signal, and interfer-
ence strength outside the coordinated group.
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